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. 1 . 

TITLE OF THE INVENTION 
FIBRINOGEN RECEPTOR ANTAGONISTS 

B ACKGROUND OF THE INVENTION 

The invention relates generally to modulating cRe: 

Patenthe binding of fibrinogen and other proteins to blood 
platelets, and inhibiting the aggregation of blood platelets specifically to 
the Ilb/ina fibrinogen receptor site. Fibrinogen is a glycoprotein 
. present in blood plasma that participates in platelet aggregation and in 
fibrin formation. Platelets are anucleated cells, found in the blood of all 
mammals, that also participate in blood coagulation. Interaction of 
fibrinogen with the Eb/IIIa receptor site is known to be essential for 
normaLplatelet function. . 

When a blood vessel is damaged by an injury or other 
causative factor, platelets adhere to the dismpted subendothelial surface. 
The adherent platelets subsequently release biologically active 
constituents and aggregate. Aggregation is initiated by the binding of 
agonists, such as thrombin, epinephrine, or ADP to specific platelet ..^ 
membrane receptors. Stimulation by agonists results in exposure of 
latent fibrinogen receptors on the platelet surface, and binding of 
fibrinogen to the glycoprotein Ilb/IIIa receptor complex. 

Attempts have been made to use natural products and 
synthetic peptides to determine the mechanism of adhesion and platelet . 
aggregation. For example, Rouslahti and Pierschbacher in Science, 238, 
491-497 (1987), describe adhesive proteins such as fibronectin, 
vitronectin, osteopontin, coUagens, thrombospondin, fibrinogen, and 
von Willebrand factor that are present in extracellular matrices and in 
blood. These proteins contain the trip eptide sequence arginine-glycine- 
aspartic acid (RGD) as their glycoprotein Hb/IIIa recognition site. 
These arginine-glycine-aspartic acid containing tripeptides are 
recognized by at least one member of a family of structurally related 
receptors, integrins, which are heterodimeric proteins with two 
membrane-sparming subunits. The authors state that the conformation 
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of the tripeptide sequence in the individual proteins may be critical to 
recognition specificity, - : 

Cheresh in Proc. Nat'l Acad: Sci, U.S.A., 84, 647 1 -6475, 
(1987), describes an Arg-Gly-Asp directed adhesion receptor expressed 
by human endothethial cells that is structurally similar to the Hb/IIIa 
complex on platelets but is antigentically and functionally distinct. This 
reiceptor is directly involved in endothelial cell attachinent to 
fibrinogen, voii Willebrand factor, and vitronectin. 

Pierschbacher and Rouslahti, in J. of Biol. Chem., 262, 
(36), 17294-17298 (1987) hypothesized that the Arg-Gly-Asp sequence 
alone would be a sufficient signal for receptor recognition and binding 
and that, therefore, the cbnforrnation of the tri-peptide sequence would 
be determinative. Various synthetic peptides were produced and the 
authors concluded that the sterochemical conformation of Arg-Gly-Asp 
as influenced by enantiomeric substitutions or additions to this sequence 
significantly influenced receptor-ligand interaction. The authors 
further showed that cyclization of a decapeptide by forming a disulfide 
bridge between nonTterminal residues Pen and Cys, rendered the peptide 
much less effective at inhibiting attachment to fibronectin. 

In Proc. Nat'l Acad. Sci. U.S.A., 81, 5985-5988 (1984), the 
same authors describe tetrapeptide variants of the cell recognition site of 
fibronectin that retain attachment-promoting activity. Peptides having a 
tetrapeptide recognition site are described in U.S. Pat. Nos. 4,589,881 
and 4,614,517. A number of large polypeptide fragrrients in the cell - 
binding domain of fibronectin have cell -attachment activity. For 
example; see U.S. Pat. Nos. 4,517,686, 4,661,111 and U.S. Pat. No. 
4,578,079. 

Ruggeri et al-, Proc. Nat'l Acad. Sci. U.S.A., 83, 5708- 
5712 (1986) explore a series of synthetic peptides designed in lengths to 
16 residues, that contain RGD and a valine attached to the aspartic acid 
residue of RGD that inhibit fibrinogen binding to platelets. See also 
Koczewiak et al., Biochem. 23, 1767-1774 (1984); Ginsberg gt al., J. 
Biol. Chem. 260(7), 393 1-3936 (1985); and Haverstick et ai., Blood 
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66(4), 946-952 (1985). Other inhibitors are disclosed in Eur. Pat. App. 
Nos. 275,748 and 298,820. 

' A number of low molecular weight polypeptide factors 
have been isolated from snake venom. These factors apparently have 
high affinity for the gpHb/IIIa complex. For example, Huang etal., J. 
Biol. Chem., 262, 16157-16163 (1987); Huang et al.. Biochemistry 28, 
661-666 (1989) describe the primary stmcfure of the venom trigramin 
which is a 72 amino acid polypeptide that contains the RGD subunit. 
Echistatin is another venom which has high aiffinity for the gpIIb/IIIa 
complex. This polypeptide. contains 49 amino acids and has the RGD 
subunit and various disulfide bridges. Can et ai-, J- Biol. Chem., 263, 
.19827-19832 (1988). See also, Dennis et al-, Proc. Nafl Acad. Sci:/ 
USA, 87, 2471-2475 (1989). However, these snake venom factors also 
have high affinity for other members of the adhesive protein receptor 
family including the vitronectin and fibronectin receptors so are not 
selective for the gpIIb/IIIa complex. 

While it is knovm that the tripeptide sequence Arg-Gly-Asp 
is present in certain polypeptides that can duplicate or inhibit the cell', 
attachment-promoting effects of fibronectin and vitronectin, the tri- 
peptide Arg-Gly-Asp has low activity. At present, there is little 
understanding of how other amino acids coupled to this sequence 
influence binding specificity. U.S. Pat. No 5,023,233, assigned to 
Merck & Co., Inc., discloses small cyclic hexapeptides which contain the 
sequence Arg-Gly-Asp and are useful platelet aggregation inhibitors. 
U:S. Pat. No. 5,037,808 discloses the use of indplyl platelet-aggregation 
inhibitors which are believed to act by antagonizing interactions 
between fibrinogen and/or extracellular matrix proteins and the platelet 
gpllb/ma receptor. U.S. Pat. No. 5,037,808 discloses guanidino 
peptide mimetic compounds that retain an Asp residue which inhibit 
platelet aggregation. The appUcation PCT/US 90/02746 describes the 
use of antibody-polypeptide conjugates wherein said polypeptides 
contain the Arg-Gly-Asp (RGD) sequence. 

The application PCT/US9 1/00564 discloses the use of large 
cyclic peptides containing RGD flanked by proline residues which are 
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platelet aggregation inhibitors: The application PCT/US90/03788 
discloses small cyclic platelet aggregation inhibitors which are synthetic 
cyclic pentapeptides containing the tripep tide sequence Arg-Gly-Asp and 
a thioether linkage in the cycle.. The application PGT/US90/05367 
published May 2, 1991 also discloses the use of peptides and 
pseudopeptides such as N-aniidiri6-piperidine-3-carboxylglycyl-L- 
aspartyl-L-yaline that inhibit platelet aggregation and thrombus . 
formation in mamrnalian blood. iTie application Eur. Pat, App. No. 
911 03462.7 discloses linear compounds which can include internal 
piperazinyl or piperidinyl derivatives. Eur. Pat. App. No. 91300179,8, 
assigned to Merck & Co., Inc., and published on July 17, 1991 discloses 
linear polypeptide #brinoge^^^^^^ Eur; Patv App. -No. 

90101404.3 discloses compounds of the R l -A<W 
Z-COOR wherein Rl is a guandidino or amidino moiety and A and B 
are chosen from specific monosubstituted aryl or heterocyclic moieties. 

While a multitude of compounds or peptide . analogs 
believed to inhibit platelet aggregation by inhibiting bindm^ to a blood 
platelet by fibrinogen are known, the present invention provides novel 
fibrinogen receptor antagonists that have significant binding activity, and 
are, therefore; useful for the reasons stated herein. A number of very 
serious diseases and disorders involve hyperthrombotic complications 
which lead to intravascularrthrombi and emboli. Myocardial infarction, 
stroke, phlebitis and a number of other serious conditions create the 
need for novel and effective fibrinogen receptor antagonists. 

SUMMARY OF THE INVENTION ^ - 

The invention is a fibrinogen receptor antagonist of the 

formula: 

X-Y-Z-Aryl-A-B ^ 
and the pharmaceutical ly acceptable salts thereof wherein: 
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Aryl is a 6-membered monocyclic aromatic ring system 
containing 0, 1, 2, 3, or 4 N atoms and either unsubstituted or 
substituted with R5; 

NR2 NR3 
Xis -NR1R2, -NRl-G-Rl, -C-NHR4, 



NR 

-NR1-C-NR3r4, or a 4- to 10- membered mono- or 
polycyclic aromatic or npnaromatic ring system and 
containing 0, 1, 2, 3 or 4 heteroatoms selected from N? 0 
and S and either unsubstituted or substituted with Rl, R2, 
R3 or R4, wherein R.l, R2, r3 and R4 are independently 
selected from the group consisting of hydrogen, 
Cl-lO alkyl, C3.8 cycloalkyl, 
. aryl. CO-8 alkyl, 
amino Cb-S alkyl, C 1-3 acylamino Co-8 alkyl, . 
Cl-6 alkylamino CO-8 alkyl, 
Ci-6 dialkylamino CO-8 alkyl, 
.V Ci-4 alkoxy CO-6 alkyl, 
carboxy CO-6 alkyl, 
Cl-3 alkoxycarbonyl CO-6 alkyl, 
carboxy CO-6 alkyloxy, or 
hydroxy CO-6 aUcyl; 

Y is CO-8 alkyl, C4-IO cycloalkyl, 

CO-8 alkyl-NR3-CO-CO-8 alkyl, 
CO-8 alkyl-CONR3-CO-8 alkyl, 
CO-8 alkyl-O-CO-8 alkyl, 
CO-8 alkyl-S(On)-C0-8 alkyl, . 
" (CH2)0-8aryl(CH2)0-8, 
(CH2)0-6aryl-SOn- 
(CH2)0-8aryl-CO-(CH2)0-8, 
(CH2)0-6aryl-SO2-(CH2)0-6, 
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(CH2)0-6-NR3-(cH2)0-6, 
, • (CH2)0-6-aryl-eH(dH)-(GH2)o.6, ' " . , 

' . (CH2)0-8arylrCONH-(CH2)0-8/ ^ . : ; . 

5 ' CO-8alkyl-S02-NR3-Co.8alkyl-V^ • 

Co^8 alkyl-CO-Co-8 alkyl/or 
, 7 CO-8 alkyl-CH(6H)-C0-8-alkyl 

where n is aii integer from 0-2- . : 

10 •-- ^ ' ■■ ■■ • ■;■ ■ " ■ "' ■ ■ •■ . : ■ - 

Z and A are independently chosen from . - , 

■ • ■■ ' " 6-' ■ . .. :..>■;.• .-, ■ -O- ■■ „.:-.;■-- " ^ 
15 ' . (CH2)mCi^3(GH2)n, (GH2)iii1^3c(CH2)n. 

(CH2)mC(CH2)n, (CH2)ihC(CH2)n..(G^ 
(CH2)mS(CH2)n, (eH2)mSO(CH2)n; 7 ■ 
(CH2)mS02NR3(GH2)h,(CH2)mI^3S02(GH2)^ 
20 , ■ (GH2)mGR3=GR4(GH2)n, (GH2)mG==G(^^^ 

(CH2)mGH(OH)(CH2)n/ 

■ where m and n are integers independently chosen from 0-6; provided 
that when A is (GH2)m, the Aryl ring, bonded by Z and A, must contain 
at least one heteroatom; 

hydrogen 
Cl-6 alkyl, 

GO-6 alkylcarboxy Go-6 alkyl, 
GO-6 alkyloxy CO-6 alkyl, 
hydroxy, GO-6 alkyl, 
aryl GO-6 alkyl, or 
halogen; 



R5 is 

30 
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^. ' - 7 - 

B is 



5 




10 ; - 

wherein R6, r7, r8, r9, RlO, arid Rl 1 are independently chosen from 

hydrogen, fluorine, hydroxy Cl-6 alkyl, carboxy CO-6 
alkyl, 

^5 Cl-g alkyl, hydroxyl, Cl.6 alkyloxy, arylC0-6alkyloxy, 

C3-8 cycloalkyl, 

aryl CO-6 alkyl, Cl-6 alkylcarbonyloxy, 

CO-6 alkylamino CO-6 alkyl, aryl CO-6 alkylamino CO-6 

alkyl, aryl CO-6 alkylcarbonyloxy, 

20 ^0-6 dialkylamino CO-6 alkyl, Ci-6 alkylamino- 

carbonyloxy, 
Ck8 alkylsulfonylamino CO-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, 
Ci-8 alkyloxycarbonylamino CO-8 alkyl, 

25 aryl GO-8 alkyloxycarbonylamino CO-8 alkyl, 

Cl-8 alkylcarbonylamino CO-6 alkyl, 
aryl CO-6 alkylcarbonylamino CO-6 alkyl, 
CO-S alkylaminocarbonylamino CO-6 alkyl, 
aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

3Q CO-8 alky laminosulfonylamino Co-6 alkyl, 

aryl CO-8 alky laminosulfonylamino CO-6 alkyl, 
Cl-8 alkylsulfonyl CO-6 alkyl, 
aryl CO-6 alkylsulfonyl CO-6 alkyl, 
Ci-6 alkylcarbonyl CO-6 alkyl, 
aryl CO-6 alkylcarbonyl CO-6 alkyl, 



10 



15 



20 



25 



30 



CO-8 alkylamiriocarbonyrGO-8 alkyC 
aryl Co-8 alkylammocarbonyi C0r8 alky], 
CO-8 alkylaminosulfonyl CO-8 alkyl, and . , 
aryl CO-8 alkylaminosulfonyl CO-8 alkyl, ; 

wherein groups may be unsubstituted or substituted yvith one or more 

substituents selected form R l and R2; and 

R 1 2 is chosen from . 

. ■ hydrbxy, ■■ : ,^ ' , ' 

Cl,-8 ailkyloxy, , , 

aryl CO-6 alkyloxy, . 
• Cl -8 alky Icarbonyloxy C 1-4 alkyloxy, \ ; 
- aryl Ci -8 alkylc^a^^^ 

' an L- or D-amirio acid joined by ani amide linkage and 

wherein the carboxylic acid nioiety of said amino acid is as 
. the free acid or js esterified by C 1-6 alkyl. 

, When substituent Rl , R2, R3, R4, R5, r6, r7, r8, r9, " 
RlO, RU, Rl2, X or Y includes the definition Co, (e.g. aryl Cq alkyl), 
the group modified by Co is not present in the substituent.. 

A prefered embodiment of the present invention is 

X^Y-Z^Aryl'-A-B - ' .' ■ ' ■ ' ' 

and the pharmaceutically.acceptable salts thereof wherein : 

Aryl is a 6-membered aromatic ring system containing Gi l, -2, or 3 . 

atoms; ' 
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NR2 NR3 
Xis -NfRlR2,-NRl-C-Rl,-C-NHR4, 

NR2 

-NR1-C-NR3r4, or a 4- to 10- membered mono- or 
polycyclic aromatic or nonaromatic ring system containing 
• 0, 1, 2, 3 or 4 heteroatorns selected from N, O and S and 
either unsubstituted or substituted with Rl, R2, r3, or R4, 
wherein Rl , R2, r3 and R4 are independently selected 
from the group consisting of hydrogen, ., 
Ci-io alkyl, C3-8 cycloalkyl, 
aryl GQ-S alkyl, 

amino CO-8 alkyl, C 1-3 acylamino CO-8 alkyl, ' 
Ck6 alkylamino CO-8 alkyl, 
Ci-6 dialkylamino Co-8 alkyl, 
. Ci-4 alkoxy CO-6 alkyl, 

carboxy CO-6 alkyl, Cl-3 alkoxycarbonyl CO-6 
' alkyl, 
carboxy CO-6 alkyloxy and 
hydroxy CO-6 alkyl; 

Y is ^ Co-8 alkyl, , 
GO-8 alkyl -NR3-CO-C0-8 alkyl, 
Co-8 alkyl-CONR3-CO-8 alkyl, 
CO-8 alkyl-O-Co-8 alkyl, CO-8 alkyl aryl CO-8 alkyl, 
Co-8 alkyl-S(On)-C0-8 alkyl, 
C0.8 alkyl-S02-NR3.CG.8 alkyl-, or 
CO-8 alkyl-CO-CO-8 alkyl-, 

where n is an integer from 0-2; 



Z and A are independently chosen from: 



, (CH2)m, (CH2)mO(CH2)n, (GH2)mNR3(CH2)n, 

■ . o. ; . ■ o 

(CH2)mCNR3(CH2)n,(CH2)mNR3e(CH2)n,. 

■ - ^ ■■ ■ ^.o-- ■ ■ ' ;■■ .-. 

. (CH2)mC(CH2)n, (CH2)mSQ2(CH2)n, V 

. - (GH2)mS02NR3(CH2)n, and (CH2)mNR3S02(CH2)ri, 

. . , where m and n are integers independently chosen from 

provided that when A is (CH2)rrl. the Aryl ring bonded by Z and A, 
^ must contain at least one hetero^toni; . . /' 




wherein R6,.r7, R8, r9, RlO and RH are independently chosen from: 

hydrogen, flburine 

Ci.8 alkyi; , ; 

G3-8 cycloalkyl, ' . 

25 aryl Co-6 alkyl, . > 

Co^6 alky lamino Cp-6 alky 1, 

aryl CO-6 alkylamino CO-6 alkyl, 
: ; C0-6 dialkylaihino C0-6 alkyl, : , : : J: 

Ci-8 alkylsulfonylamiho CO-6 alkyl, 
30 aryl CO-6 alkylsulfonylamino CO-6 alkyl, 

. Ci -8 alky loxycarbony lamino CO-S alkyl, , 

aryl CO-8 alkyloxycarbonylamino Go-8 alkyl, 

C 1^8 alky Icarbony lamino CO-6 alkyi, 

aryl C0-6 alkylcafbonylamino C0-6 alkyl, 

CO-8 alkylaminocarbonylamino GO-6 alkyl, . 
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aryl CO-8 alkylaihinocarbonylamino CO-6 alkyl, 
CO-8 alky laminosulfony lamino Co-6 alkyl, 
aryl CO-8 alkylaminosulfonylamino CO-6 alkyl, 
Ci-6 alkylsulfonyl CO-6 alkyl, 
aryl GO-6 alkylsulfonyl CO-6 alkyl, 
€1-6 alkylcarbonyl CO-6 alkyl, and 
aryl CO-6 alkylcarbonyl CO-6 alkyl; and 



R 1 2 is chosen from: 

10 



15 



hydroxy, 
Cl-8 alkyloxy, 
aryl Co-6 alkyloxy, 

Cl-8 alkylcarbonyloxy C1.4 alkyloxy, and 
aryl Cl-8 alkylcarbonyloxy Ci-4 alkyloxy. 

A more prefered embodiment of the present invention is: 



20 




25 



30 



X-Y-Z-Aryl-A-- \ cq^H 
!io nii 



and the pharmaceutically acceptable salts thereof wherein: 

Aryl is a 6-membered monocyclic aromatic ring system containing 0, 1 

or 2 N atoms; 

NR3 

X is >'3-NRlR2, .C-NHR4, or a 4- to 8-membered 

nonaromatic ring system containing 0, 1, 2 or 3 
heteroatoms selected from N and O wherein Rl , R2, r3 
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and R4 are independently selected from the group ' 
consisting of hydrogen, ' 

■ ' ,. ciUo aikyi/,'' .V- ■ ,. ' ? 

• ' ■ aryl Cd-8 alkylr . • 

carboxy CO-6 alkyl, v; 
hydroxy CO-6 all^yl, , ~ 

amino Co'-8 a^ 
;ei-6 alkylamino CO-8 ^ 

. Yis'; ' ■ C0-8.aIkyl,' y .'j'V \ ' 

■ . Co-8 alkyl-I^«l3-CO-C0-8 alkyl, - : / 

.1. . ^0-8jilkyl-CONR3-Co.8 alkyi, . { . ' : J I ■ 

C:o-8,alkyl-0-Co-8 alkyl; ■ ! V ■ 
Co-8 alkyl-S(On)rG0-8 alkyl, or CO-8 alkyl aryl CO-8 
' ■ ^ ■ ■ ■ - alkyl; : ■ ■ ■ ■ ; - ' - ^ ^ ■■ ■ ' . : 

Z and A are independently chosen from 

' • V' o " ■ / : ■■■ '■ ■ / 

(CH2)m/(CH2)mC(CH2)n,(CH2)mO(GH2)n, 
(CH2)mS02(CH2)n,and(CH2)mCONR3(GH2)n, ' 

wherein m and n are integers independently chosen from 6-6 and 
provided that when A is (CH2)m, the Aryl ring bounded by Z and A, 
must contain at least one heteroatom; and 

R8, r9, RlOandRll are independently chosen from 

hydrogen, fluorine 

.Ci-8 alkyl, 

Csls cycloalkyl, 

aryl Cp-6 alkyl, 

CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino CO-6 alkyl. 
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Ci.8 alkylsulfonylamino CO-6 alkyl, 
aiyl CO-6 alkylsulfonylamirio CO-6 alkyi, 
Cl-8 alkyloxycarbonylamino CO-8-aikyl, 
aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 
Cl-8 aIkylcarbonylammo Co-6 alkyl, 
aryl Co-6 alkylcarbonylamino CO-6 alkyl, 
CO-8 atkylaihinocarbonylamino CO-6 alkyl, 
aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 
Cos alkylaminosulfonylamino CO-6 alkyl, 
aryl CO-8 alkylaminosulfonylamino Co-6 alkyl, 
. . Cl-6 alkylsulfonyl CO-6 alkyl, 
aryl Co-6 alkylsulfonyl CO-6 alkyl, 
Ci-6 alkylcarbonyl CO-6 alkyl, and 
aryl CO-6 alkylcarbonyl Co-6 alkyl 

DETAILED DESCRTPTTQN OF THE tNYENTTON ' 
-' the term "pharmaceutically acceptable salts" shall mean 
non-toxic salts of the compounds of this invention which are generally 
prepared by reacting the parent compound with a suitable organic or 
inorganic acid or base. Represenative salts include the following salts: 
Acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, 
borate, bromide, calcium edetate, camsylate, carbonate, chloride, 
clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, 
fumarate, gluceptate, gluconate, glutamate, glycbllylarsanilate, 
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, 
hydroxynapthoate, iodide, isothionate, lactate, lactobionate, laurate, 
malate, maleate, rhandelate, mesylate, methylbromide, methylnitrate, 
methylsulfate, mucate, napsylate, nitrate, oleate, oxalate, pamaote, 
palmitate, panthothenate,phosphate/diphosphate, polygalactiironate, 
salicylate, stearate, subacetate, succinate, tannate, tartrate, teoclate, 
tosylate, triethiodide, valerate. 

The term "pharmaceutically effective amount" means that 
amount of a drug or pharmaceutical agent that will elicit the biological 
or medical response of a tissue, system or animal that is being sought by 
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a researcher or clmieian. /The term "anti-Goagulant*' shall include , ' 
heparin, and warfarin. The term ''thrombolytic agent" shall include . 
streptokinase and tissue plasminogen activator. The term "platelet anti- 
aggregation agent'' shall include aspirin and dipyridamole. 

The term"alkyl" means straight or branched alkane, alkene 
or alkyrie. The term "alkoxy" includes an alkyl piortion where alkyl is 
as defined above. ' 

The terms ''arylalkyl'' and ''alkylaryr' in^ 
portion where alkyl is as defined above and to include an aryl portion 
where aryl is as defined above. The CO-n or Cl-n designatioii where n 
• may be an integer from 1 - 10 or 2-10 respectively refers to the alkyl 
.. component of the ai^iaikyl or alk^ : . 

The term "halogen" includes fluorine^ chlorine, iodine and 

bromine-. ■ "' ■■ ■ -.-^ - ■ * ' j^,;,.- ' \ v . 

Under standard nonmenclatufe used throughout this 
disclosure, the terminal portion of the designated side chain is described 
first followed by the adjacent functidnallity toward the point of ^ 
attachment. For example, a Ci -6 alkyl substituted with Cl-6 
. alkylcarbonylamino is equivalent to - 

^ . ■ ^ . ■■' .".HO ■ -"^ ' " ■ 

' Ci.6-alkyl-N-C-Ci.6alkyL 

The term "Aryl" is different from the term "aryl", wherein 
"Aryl" is defined in its broadest scope as a 6-membered monocyclic . ^ 
aromatic ring system containing 1, 2; 3 or 4 N atoms, and either 
unsubstituted or substituted. The term "aryl" is now defined to be a 
mono- or polycyclic ring system containing 0, 1, 2, 3, 4 or 5 
heteroatoms chosen from N, O and S, comprised of 5- or 6- membered 
rings, either unsiibstitued or substituted with substituents chosen from 
Rl and:R2. 

Ill the schemes and examples below, various reagent 
symbols have the following meanings: 
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BOC(Boc): t-Butyloxycarbonyl. 

Pd/C: Palladium on activated carbon catalyst. 

DEAD: Diethylazodicarboxylate. 

DIAD: Diisopropylazodicarboxylate. 

DMF: Dime thy If orm amide. 

DMSO: Dimethylsulfoxide. 

CBZ: ' Benzy loxy carbon yl. 

CH2CI2: Methylene chloride. 

CHCI3: chloroform. 

EtOH: ethanol. .[ ' - . 

MeOH: methanol, 

EtOAc: ethyl acetate. 

HOAc: acetic acid, 

BOP: Benzotriazol- 1 -y loxytris(dimethylamino)phosphonium, 

hexafluorophosphate. 

EDC: l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide. 

Oxone: potassium peroxymoriosulfate. 

LDA: Lithium diisopropylamide. 

GDI: Carbonyldiimidazole. 

NMM: N-Methylmorpholine. 

DIPEA: ^ Diisopropylethylamine. 

TMSI: Trimethylsilyliodide. 

TFA: Trifluoroacetic acid, 

py: Pyridine. 

The compounds of the present invention can be 
administered in such oral froms as tablets, capsules (each of which 
includes sustained release or timed release fonhulations), pills, powders, 
granules, elixers, tinctures, suspensions, syrups, and emulsions. 
Likewise, they may be administered in intravenous (bolus or infusion), 
intraperitoneal, subcutaneous, or intramusculsar fonn, all using forms 
well known to those of ordinary skill in the pharmaceutical arts. An 
effective but non-toxic amount of the compound desired can be 
employed as an anti-aggregation agent. 
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Compounds 6f the invention may 
patients where prevention of thrombosis by inhibiting binding of 
fibrinogen to the platelet membrane glycoprotein complex Ilb/IIIa 
receptor is desired. They are useful in surgery on peripheral arteries 
(arterial grafts, carotid endarterectomy) and in cardivascular. surgery 
where manipulation of arteries and organs, and/or the interaction of 
platelets with artificial surfaces /leads tQ platelet aggregation and 
consumption, The.;aggregated platelets may fomi thrombi and - 
thrdmboemboli. They may be administered to these surgical patients to 
prevent the formation of thrombi and thromboemboli. 

Extracorporeal circulation is routinely used fo 
cardiovascular surgery in order to oxygenate blood. Platelets adhere to. 
^surfaces-of the extracorporeal circuit^Adhesioh is deperident^on the— - 
interaction between gpHb/HIa on the platelet membranes and fibrinogen 
adsorbed to the surface of the circuit, ; (Gluszkd et aL, Amer. J. 
PhvsioL. 252(H), 61 5-621 (1 987)). ' Platelets released from artificial 
surfaces show impaired hemostatic function. Compoiirids of the 
invention may be administered to prevent adhes^^^ 

Other applications of these compounds include prevention 
, of thrombosis, thrombpembdlism and reocclusiori during and after 
thrombolytic therapy and prevention of thrombosis, thromboembolism 
and reocclusion after angioplasty or coronary artery bypass procedures. 
They may also be used to prevent or modulate myocardial infarction. - 
The dosage regimen utilizing the compounds of the present 
invention is selected in accordance with a variety of factors including 
type, species, age, weight, sex and medical condition of the patient; the 
severity of the condition to be treated; the- route of adminstration; the 
renal and hepatic function of the patient; and the particular compound 
or s^lt thereof employed. An prdinarilly skilled, physician or 
veterinarian can readily determine and prescribe the effective amount of 
the dmg required to prevent, counter, or arrest the progress of the 
condition. 

In the methods of the present invention, the compounds 
herein described in detail can form the active ingredient, and are 
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typically administered in admixture with suitable pharmaceutical 
diluents, excipients or carriers (collectively referred to herein as 
"carrier'* materials) suitably selected with respect to the intended form 
of administration, that is, oral tablets, capsules, elixers, syrups and the 
like, and consistent with convention pharmaceutical practices. 

For instance, for oral administration in the form of a tablet 
or capsule, the active drug component can be combined with an oral, 
non-toxic, pharmaceutically acceptable, inert carier such as lactose, 
starch, sucrose, glucose, methyl cellulose, magnesium sterate, dicalcium 
phosphate, calcium sulfate, mannitol, sorbitol and the like; for oral 
administration in liquid form, the oral drug components can be 
combined with any oral, non-toxic, pharmaceutically acceptable inert 
carrier such as ethanol, glycerol, water and the like. Moreover, when 
desired or necessary, suitable binders, lubricants, disintegrating agents 
and coloring agents can also be incorporated into the mixture. Suitable 
binders include starch, gelatin, natural sugars such as glucose or beta- 
lactose, corn-sweeteners, natural and synthetic gums such as acacia,^ 
tragacanth or sodium alginate, carboxymethylkcellulose, polyethylene 
glycol, waxes and the like. Lubricants used in these dosage forms 
include sodium oleate, sodium sterate, magnesium sterate, sodium 
benzoate, sodium acetate, sodium chloride and the like. Disintegrators 
include, without limitation, starch methyl cellulose, agar, bentonite, 
xan than gum and the like. 

TTie compounds of the present invention can also be 
administered in the form of liposome delivery systems, such as small 
unilamellar vesicles, large unilamellar vesicles and multilamellar 
vesicles. Liposomes can be formed from a variety of phospholipids, 
such as cholesterol, stearylamine or phosphatidylcholines. 

Compounds of the present invention may also be delivered 
by the use of monoclonal antibodies as individual carriers to which the 
compound^molecules are coupled. The compounds of the present 
invention may also be coupled with soluble polymers as targetable dmg 
cariers. Such polymers can include polyvinylpyrrolidone, py ran 
copolymer, polyhydroxypropyl-methacrylamide-phenol, polyhydroxy- 
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ethyl-aspartamide-phenol, or polyethyleneoxide-polylysine substituted 
with palmitoyl residues. Furthermore^ the compounds of the present 
invention may be coupled to a class of biodegradable polymers useful in 
achieving controlled release of a drug, for example, polylactic acid, 
polyglycolic acid, copolymers of polylactic and polyglycolic acid, 
polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters, 
polyacetals, polydihydropyrans, polycyanoacrylates and cross linked or 
amphipathic block copolymers of hydrogels. 

The compounds of the present invention can also be co- 
administered with suitable anti-coagulation agents or thrombolytic 
agents such as plasminogen activators or streptokinase to acheive 
synergistic effectis in the treatment of various vascular pathologies. 
They may also be combined with heparin, aspirin, or warfarin. 

Preferred compounds of the invention are selected from the 
group consistiriLgiotf^ " ^ '^^^^^ . ^ 

. N-2-(4-Piperidinylethyl)-N'-(2-carboxyethyl)]-I,3-benzenedicarbox- 
amide; , , 

20 

N-2-(4-Piperidinylethyl)-N'-[3-(2-fluoro)propanoic-acid]-l,3-benzene- 
dicarboxamide; 

{N-2-(4-Piperidinylethyl)-N'-343(R)-phenethylpropw acid] }- 1,3- 
benzenedicarboxamide; 

25 . ■ ■ . ' 

{N-[2-(4-Piperidinylethyl)-N*-3-[3(R)-indolylethyl^^^^ acid] }-l ,3- 

benzenedicarboxamide; 

30 N-(4-Piperidinyhnetiiyl)-N^-3-[2(S)-n-butylsulfonyla^^ 
acid]- 1 ,3-ben2enedicarboxaihide; 

N-(4-Piperidinylmethyl)-N'-[(2-carboxyethyl)-l,3-benzenedicarbox- 
amide; 
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N-2-(4-Piperidinyl)ethyl-N'-(2-carboxyethyl)-2-methyl-l,3-benzene- 
dicarboxamide; 

^ 3-[(4-Piperidmyl)methyloxy]-N-(2-carboxyethyl)phehylacetamide; 

4<Piperidin-4-yl)phenyI-3-propionyl-[2(S)-n-butylsulfonylaminq]-p- 
alanine; 

4-[(l,2,5,6-Tetrahydropyridin-4-yl)phenyl-3-propionyl-[2(S)-n-butyl- 
sulf ony lamino] -p-alanine; 

3-[3-(Piperidin-4-ylmethyl)phenyl]propionyl-p-alanme; 
3-[4-(l,2,5,6-Tetrahydropyridin-4-yl)butyryl-p-alamne; 

{N-2-(4-Piperidmylethyl)-N'-3-[2(S)-n-butylsulfonylammopropanoic 
acid] )-l ,3-benzenedicarboxamide; 

N-2-(4-Piperidinyl)ethyl-N'-3-[2(S)-n-butylsulfonylaininopropionic 
acid]-2-methyl- 1 ,3-benzenedicarbpxamide; 

{ N-[2-(4-Piperidinyl)ethyl]^N-(phenethyl) } -N'-(2-carboxyethyl)- 1 ,3- . 
benzenedi carboxamide ; 

25 

N-[2-(4-Piperidinyl)ethyl-N-propyl]-N'-(2-carboxyethyl)-l,3-benzene- 
dicarboxamide; 

N-2-(4-Piperidinyl)ethyl-N'-[3-(2(S)-hexanoylaminopropionic acid)]- 
1 ,3-benzenedicarboxamide; 

30 . 

[N-2-(4-Pii^eridinyl)ethyl]-N'-[3-2(S)-thien-2-yl-sulfonylammo- 
propionic acid]- 1 ,3-benzenedicarboxainide; 
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.. . ' ■ ,.■ --,20 - . . . : ■ 

4-methyr-N-[2-(4-piperidmyl)ethy]]-N'-2-(carboxyethyI)-13-beri^^^ 
dicarbbxamide; 

3-[(2-Carboxyethyl)aininoSulfonyl]-N-[2-(4-piperidmylethyl)]- ■ 
■ benzamiide; 

3-[2-(4-Piperidinyl)ethylaminosulfohyI]-N-[(2-carboxyethyl)]- 
benzaiiiide; " 

3-[(4-Piperidinyl)methylamm6sulfonyl]-N-[(2-carb6xyethyl)}- 
benzamide; : . - . . 

N-[(2-(^^BOC^4^iper^dinyl)ethy^ 
pyridinediearboxariiide; • . ; , ' . 

N42-(4-Pip(sridinyl)ethyl]-N'-[(2-carboxy)eth 
carboxamide; , 

3-(3-Carboxypropyloxy)-N-(4-piperidmylmethyI)carboxamide; 

N-2-(4-Piperidinylethyl)-N'-3-(2-benzylpropionic acid)-l,3-, 
benzenedi carboxamide ; 

25 3-(5-Carboxypentano.yI)-N<4-piperidinylmethyl)benzenecarboxamide; 

3- (6-Garbpxyhexanoyl)-N-(4-piperidinylirie^^^ 

4- (Piperidin-4-yl)phenyl-3-propionyl-p-alanine;^ 

3 0 ■ 

4-(l,2,5,6-Tetrahydropyridin-4-yl)phenyl-3-propionyl-P-alanine; 

642-(Piperidin-4-yl)ethyloxy]nicotmamide-N-[3-(2(S)-phenylsulfonyl- 
amino)propionic acid; 
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3- Chloro-4-[2-(Piperidin-4-yl)ethyloxy]phenylcarbonyl-2(S)-phenyI- 
sulfonylamino-p-alanine; 

4- [3-(Piperidin-3-yI)propyloxy]-N-[3-(2(S)-butylsulfonylamino)- 
propionic acidjbenzamide; 

4-[2-(Piperidm-4-yl)ethyloxy]phenylcarboxyl-2-(S)-hydroxy-p-alanine. 

N-[3-(2(S)-PhenylsuIfonylammo)propionate]-4'-aminomethyl-4- 
biphenylcarboxamide; 

N-[3-(2(S)-Phenylsulfonylammo)propionate]-4'-amidino-4- 
biphenylcarboxamide; . 

4-[3-(Pyridifi-4-yl)propyloxy]benzoyl-2(S)-phenyIsulfonylamino-P- 
alanine; . 

4-[3-(Pyridin-4-yl)propyl]benzoyl-2(S)-phenylsulfonylamino-p-alanine; 

4-[2-(Piperidin-4-yl)oxyethyloxy]benzoyl-2(S)-phenylsulfonylamino-(3- 
alanine; • 

4-N-(Piperaziriyl)befizoyl-2(S)-phenyIsulfonyiammp-p-alanine; • 

4-[2-(N,N-Diethylammo)ethyloxy]benzoyl-2(S)-phenylsulfonyIamino-p- 
alaniue; 

4-[4-(N-Morpholmo)butyloxy]benzoyl-2(S)-phenylsulfonylamino-p- 
alanine; 

4-[2-(N-BeELzylimidazol-4-yl)ethyloxy]benzoyl-2(S)-phenyIsulfonyl- 
amino-P-al anine ; 



wo 94/12181 ' PCT/US93/11623 



• .-■>■• . , ,--22- • • ■ \ 

4-[2-(Imidazol-4-yl)ethyloxy]benzoyI-2(S)-phenylsulfony 
. alanine; ■' ,„ •■ 

: ^ 4-[3-(l-Methylimidazol-4-yl)propyloxy]beiizoyl-2(S 
amino-P-alanine methyl ester; 

443< 1 -Methylimidazol-4-yl)propyloxy]benzoyl-2(S)-phehy^ 
amino-P-alanine; , . . 

443-(l-Imidazoiyl)propyloxy]benzoyl-2(S)-phen^^^ 

alanine t-butyl ester; . : 

443-(l-Imidazolyl)propyloxy]behzoyl-2(§)-phenylsulfonyl^ 
alanine; . ' ' ■ 

4-[2-(PyrrolidinyI)ethyIoxy]benzoyl-2(S)-phenylsul^^^ 
■alanine; ■ . ■ / ^ 

2 0 2(S)-Phenylsulfonylaniino-4-(4:piperazinylphen9xy)butanGic acid; 

t-Butyl 2(S)-t-Butyloxycarbonylaniino-4-[4-N-methylpiperazinyl)- 
phehoxyjbutanoate; 

2(S)-Amino-3-[4-(N-methylpiperazinyl)phenpxy]butanOic acid;/ 

' 2(S)-3-Pyridylsulfonylamino-4-[4-(N-methylpjpe^^^ 
butanoic acid; 

3 Q 4-[(4-Pyrrolidinylbut-2-enyl)oxy]benzoyl-2(S)-phenylsulfonylamino-p- 

alanine t-butyl ester; 

4-[(4-Pyrrolidinylbut-2-eny l)oxy]benzoyl-2(S)-phenylsulfonylamino-P- 
alanine; 
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3-[(N-Boc-Piperidm-4-ylmethyl)aminocarbonyl]ben2oyl-2(S)-3- 
pyridylsulfonylammo-p-alanyl-glycine benzyl ester; 

3- [(Piperidin-4-ylmethyl)aminocarbonyl]ben2oyl-2(S)-3-pyridyI- 
sulfonylamino-p-alanyl-glycine; 

4- [(2-Ammoethyl)aminocarbonyI]benzoyi-2-(S)-phenylsulfonyla^ 
alanine; 

4-[(2-Guanidmoethyl)ammocarbonyl]benzoyl-2(S)-:phenylsulfonyl- 
amino-p-alanine; ^ 

4-[(4-N-Methylaminobutyl)aniinocarbonyl]benzoyl-2(S)-3- 
pyridylsulfonylamino-p-alanine; 

{N-2-(4-Piperidmylethyl)-N'-3-[ethyl 2(S)-n-butylsulfGnylamino- 
propanoate]}-l,3:benzenedicarboxamide; 

4-[2-(4-Piperidinyl)ethyloxy]-N-[3-(2(S)-n-butylsulfonyl^ 
propi onate] benzami de ; 

^> ' ' . ■ ■ . ■ 

4-[2-(4-Piperidinyl)ethyloxy]-N-[3-(2(S)-n-phenylsuifonylammo)- 
propionatejbenzamide; 

3-[3-(Piperidin-4-ylmethyl)phenyl]propionyl-p-alanine; and 

34(4-Piperidinyl)methyloxy]-N-[3-(2-indol-3-yl)ethyl-propionic 
acidjphenyl acetamide. 

Platelet aggregation is measured at 37°C in a Chronolog 
aggregometer. The reaction mixture contains gel-filtered human 
platelets (2 x 108 per ml), fibrinogen (100 micrograms per ml (ug/ml)), 
Ca2+ (ImM), and the compound to be tested. The aggregation is 
initiated by adding 10 |aM ADP 1 minute after the other components are 



wo 94/12181 PCT/US93/11623 



added. The reactiGn is then allowed to proceed 

The extent of inhibition of aggregation is expressed as the percentage of 
the rate of aggregation observed in the absence of inhibito^^ The IC50 
is the dose of a particular compound inhibiting aggregation by^^ 
^ relative to a control lacking the compound. 

Activities of some of the preferred cornpoimds, 
characterized by IC50 for inhibition of ADP-mediated platelet * 
^ aggregation, are listed below: : v - J r 

■ ■ ■■ ■ :.- ■ ' "IC5a; Z:^' ' ; 

3-[4-(l,2,5,6^Tetrahydropyridine)-' ; : . 
. phehyl]butyryl-p-alanine ... 1.3|llM 

3 - [3-Piperidin-4-y lmethyl]pheny 1] - ' 
propionyl-p-alanine; — 170 jiiM 

3-[4-Piperidinyl)methoxy]-N-[3-(2- > v ' - 

■-■.** 20 ■ ' ■■ ■ ■ 

- ; indol-3-yl)ethylpropionic acid] 

phenyl-acetamide; 5.2 |aM 

3- [(4-Piperidinyl)methloxy]-N-(2- . 

carboxyethyl)-phenyl acetamide; ^ ^ 56 |LiM 

/ . _ 25 :,. . • , .. , 

. : 4^(4-Piperidiri-4-yI)-N-^ " v ; ; ^ : : - : . . 

butylsulfonylaminopropionic acid]- , 
phenylbutyramide; , 0.095 |iM 

30 ' 

4- [2-Piperidin-4-yl)ethoxy]benzoyl-; 

2(S)-phenylsulfonylamino-P-alanine; 0.014 |llM 
4-(Piperidin-4-yl)phenyl-3-propionyl- 

[2(S)-n-butyl-sulfonylamino]-p-alanine; 0.10 jiM \ 
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3-[4-(l ,2;5,6-Tetrahydropyridin-4-yl)- 
phenyI]butyryl-P-alanine; 1.3 piM 



4-(l,2,5,6-Tetrahydropyridm-4-yl)- 
phenyl-3-propionyl-[2(S)-butylsulf- 

onylaminoj-p-alanine; 0.022 jLiM 

4-(Piperidin-4-yl)-phenyl-3-propionyl- 

p-alanine; 11 \iM 

4-(l,2,5,6-Tetrahydropyridin-4-yl)- 
phenyl-3-propionyl-|3-alanine; 1.7 |iM 

The novel compounds of the present invention were 
prepared according to the procedure of the following examples. The 
most preferred compounds of the invention are any or all of those 
specifically set forth in these examples. These compounds are not,, 
however, to be constmed as forming the only genus that is considered as 
the invention, and any combination of the compounds or their moieties 
may itself form a genus. The following examples further illustrate 
details for the preparation of the compounds of the present invention. 
Those skilled in the art will readily understand that known variations of 
the conditions and processes of the following preparative procedures 
can be used to prepare these compounds. All temperatures are degrees 
Celsius unless otherwise noted. 

Compounds of the present invention are prepared from 
dicarboxylic acids by a sequence of carboxyl activation with CDI or 
other suitable reagent, followed by amide bond formation. In this 
manner, representative compounds of Schemes 1, 2, 3 and 7 may be 
prepared using amines that have been previously protected as esters or 
carbamates. Subsequent to coupling with, for example, a CBZ- 
protected amine, the product may be deprotected at a N site and 



functionalized to a sulfonamide or amide via sulf onylating or ac ylatirig 
reagents, respectively. . ; ' 

Differentially functionalized chlorosulfony 1 benzoic acids , 
as shown in Schemes 3 and 4, may be prepared frorti the corresponding 
sulfonic acid and, via treatment with appropriate amines, provide 
functionalized aryl sulfonamides. Subsequent activation of carboxyl 
groups followed by amide bond formation may provide further 
examples of diesired compounds. ; 

Ether analogs, such as shown, in Schemes 9 and 13 may be 
prepared by treatment of the appropriate hydroxy cafboxylic acid with / 
a base, such as .NaH, to form the alkoxide followed by reaction with an 
alkylating agent. This alkylating agent may encompass suitably 
protected amine components. Subsequent to alkylation, carboxyl 
activation and amide forniation niay provide advanced^ynthetic^^r ^ ^ 
intermediates. Deprdtection as appropriate may then provide key ^ ^ 
products of the present invention. 

Ill addition to the following preparative proce^^^^^ 
examples of in-vitro bioactivity of compounds within the scope of the 
present invention are indicated. To illustrate, one test \yhich is used to 
evaluate fibrinogen receptor antagonist activity is based on evaluation of 
inhibition of ADP-stimulated platelets. Aggregation requires that ^ • 
fibrinogen bind to and occupy the platelet fibrinogen receptor site, 
hihibitors of fibrinogen binding inhibit aggregation. In the ADP- 
stimulated platelet.aggregation assay used to determine inhibition 
associated with the compounds claimed in the instant invention, human , 
platelets are isolated from fresh blood, collected int 
citrate/dextrose by differential centrifugation followed by gel filtration 
on Sepharose 2B in divalent ion-free Tyrode's buffer (p^^^ ■ 
containing 2 %;bo vine senirri albumin. 
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SCHEME 1 . 
O O I.CPI, 2 equiv. 
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BocN 




10 



15 
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2-(N-Boc-4-Piperidlnvnethvl iodide 

1^ is prepared according to th^^ 
European Publication 540,334, specifically at pages 17-18 and 21 of that 
publication, for preparing compound 1-6 of EP 540.334 Rnn-4- 
piperidine-2-ethanol (10:42g, 0.048 moles) w>s dissolved in benzene 
(400 ml), and imidazole (4,6i5g, 0,068 moles) arid triphenylphosphine 
( 13.24g, 0.05 moles) \yere added at room temp, followed by iodine 
(12.9 g, 0.05 riibl). After 6 hours the reaction mixture was filtered and 
the .filtrate was ev.aporated.to.-giye.a -dark^^ r 

flash chromatography on, silica gel eluting with 10% EtOAc/hexanes to 
give as a yellow oil. Rf 0.3 (silica, 10% EtO Ac . 



Boon 




2-(NrBoc-4-Piperidinvi:)ethvl .azide (1-5^ 

To M (27.9g, 0.082 moles) dissolved in bMSO.(400 ml) 

2 5 was added sodium azide (5 .6 1 g, 0.086 moies) at room tehiperature and 
the resulting solution was heated at 65° for 2 hrs. The cooled reaction 
mixture was diluted with 250 ml EtO Ac, extracted with 2x100 ml ' 
portions of water, 2x50 ml portions of brine and then dried (MgSp4). 
Solvent removal provided 1:5 as a pale yellow oil, Rf 0.5 (sihca gel, 

30 20% acetone/hexanej. 



BocN 
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2-fN-Boc-4-Piperidinynethyl amine (1-6) 

To a solution of 1:5 (19.3g, 0.076 moles) in THF (400 
ml)/H20 (195 ml) was added triphenylphosphine (80.0g, 0.305 moles) 
in one portion at room temperature. This was stirred for 3 hours and 
the solvent was then removed in vacuo . The residue was acidified to pH 
2 with 10% KHSO4 solution and this was extracted with 4x100 ml 
portions of EtOAc' The organic extract was extracted with 2x100 ml 
portions of 10% KHSO4 and the aqueous phases were combined and the 
pH was adjusted to pH 10 with 2N NaOH. This solution was extracted 
with EtOAc and the organic phase was dried (MgSb4), and the solvent 
was. removed to give as a yellow liquid, Rf 0.3 (silica gel 10% 
CH3OH in CHCI3/NH3), 

IH NMR (300 MHz, CDCI3) 5 4.05 (broad, 2H), 2.72 (t, J=7.2Hz, 2H), 
2.62 (m,2H), L64 (d,J=12.2Hz,2H), 1.43 (s,9H), 1.42-1.32 (m,5H), 1.09 
(m,2H). 



Q O; 



20 




[N-2-(4-Piperidinylethyl)-N*-(2-carboxyethyl)]-l,3-benzenedi- 

carboxamide (1-3) ^ ] , 

To 1 ,3-benzenedicarboxyiic acid (Aldrich) (0.36g, 0.22 
mmoles) in 3 rnl DMF was added carbonyldiiihidazole (CDI) (0.7 Ig, 
0.44 mmoles) in small portions as the reaction mixture vigorously 
evolved gas. After stirring at room temperature for 0.5 hr 1-6 (0.5g, 
0.22 mmoles) in 2 ml DMF was added and the resulting solution was 
stirred for hours. Then, N-methyl-morpholine (NMM) (0.72 ml, 
0.66 mmoles) was added followed by p-alanine ethyl ester (0.33g, 0.22 
mmoles) and the resulting mixture was stirred at room temperature for 
6 hours. 



PCX /US93/1 1623 



The solvent was removed and the residue was taken up in 
H2O, acidified with 10% aqueous KHSO4 solution, and this was 
extracted .with EtO Ac: The extracts were dried (MgS04), and the 
solvent was removed to afford a, residue that was purified by flash 
^ chromatography on silica gel eluting \yith 3% methanol/CH2Cl2 to give 

[N-Boc-2-(4-piperidinylethylamino-N'-(2-carboethpxyethylamino]-l,3- 
benzenedicarboxamiide Q::2), Rf 03 (silica gel, 5% MeO 
IH NMR (30Q MHz, CPCI3) 5 8.18 (saH), 7.93 (d, J=7.8Hz, IH), 7.86 
■(d, J=7:8Hz, IH), 7.46 (t, J=7..8Hz, lH)v7-.22 (t, J=5.7H3, IH), 6.77 (t, 
^° J=5.4Hz, 1H),'4.15 (q, J=7.1H3, :2H), 4.05 (d, J=13.2Hz^ 2H), 3.70 (dd, 
;,,V^,.-J^=0.1, 12.0Hz, 2H), 3.46 (dd, J=6.7, 1 3.1Hz, 2H),. 2.63 (t,'j=6.mz, 2H), 
■ . 1^ J 6 j(m, JHl, 1 .67 (d,^ i= li:2Hz, 2H), i .54 im, m),,lM.(£^9m>. (L 
J=7.1Hz, 3H), 1.1 (m, 2H): - ■ 

. Ester 1-2 (0.27g) was dissolved m CH7Cl7 ClOnin and at 
room temperature trimethylsilyhodide (TMSI) (0i071 mmoles) was 
added and after 10 minutes stirring starting material was consumed. 
MeOH (2 inl) was added to quench the reaction and "the solvent was 
- removed in vacuo . The residue was dissolved in 1:1:1 THF/MeOH/H20 

20 

(10 ml), lithium hydroxide (0.24g, 5.68 mmoles) was added, and the 
reaction mixture was stirred at room temperature. After 1.0 hour the 
solvent was removed and the residue, purified by flash chromatography 
on silica gel eluting with 9:1:1 EtOH/H20/NH40H to give 1-3 (Rf 0.3, 
silica gel, 9:1:1 Et6H/H20/NH40H, ninhydrin stain). 
IH NMR (300 MHz, CD3OD) 6 8.22 (s, IH), 7.95 (m, 2H), 7.54 (in, 
v ' 1H),' 3.60 (s, 2H), 3.4 (m, 6H), 2.90 (m, 2H); 2:47 (s; 2H),. 2.0 (s, 2H),^ 
1.8-1.6 (m, 3H), 1.5-1.4 (m, 2H). 
Mass spectrum (FAB) 348 (M-i-1). 
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[N-2-(4-Piperidinylethyl)-N'-[3-(2-fluoro)propanoic acid]-l,3- 

benzenedicarboxamide CI -7) ] 

This was prepared as described for 1:3, wherein 2-fluoro- 
p-alanine ethyl ester (American Tokyo Kasai) was used as the C- 
terminal amino acid component. 

IH NMR (300 MHz, CD3bD) 5 8.25 (s, IH), 7.96 (d, 7.1Hz, 2H), 7.56 
(t, J=7.7Hz, IH), 5.0 (m, IH), 4.0-3.85 (m, 2H), 3.45 (t, J=6.7 Hz, 2H), 
3.32 (d, J=l 1.7Hz, 2H), 2.98 (dt, J=2.8, 12.9Hz, 2H), 2.00 (d, J=14.6Hz, 
-° 2H), 1.75 (m, IH), 1.65 (dd, J=6.8, 13.4Hz, 2H), 1.45 (m, 2H) 
Mass spectrum (FAB) 366 (M+1). 



15 




{N-2-(4-Piperidinylethyl)-N'-3-[3(R)-phenethyl-prOpanoic acid] }-l,3- 

benzenedicarboxarnide (1-8) .■ 

This was prepared as (described for 1 -3 but using 3-R- 

25 phenethyl-p-alanine ethyl ester (the TFA salt of which is prepared 
according to the procedure of Example 15, page 36, of European 
Publication 478362) as the C-terminal amino acid component 1-10 had : 
Rf 0.3 (silica gel, 9:1:1 EtOH/H20/NH40H, ninhydrin stain). 
IH NMR (300 MHz, CD3OD) 5 8.20 (d, J=1.5Hz, IH), 7.97 (m, 2H), 

30 7.56 (I, J=7.75Hz, IH), 7.20 (m, 4H), 7.12 (m, IH), 4.43 (t, J=6.7Hz, 
IH), 3.45 (t, J=6.5Hz, 2H), 3.32 (m, 2H), 2.97 (t, J=12.6Hz, 2H), 2.71 
(t, J=8.0Hz? 2H), 2.51 (d, J=5.7Hz, 2H), 1.98 (m, 4H), 1.70 (m, IH), 
1.65 (m, 2H), 1.50 (m, 2H) 
Mass spectrum (FAB) 452 (M-f-1) 
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{N-[2-(4-Piperidmylethyl)-N'-3^[3(R)-indolylethyl-propanoic acid] }- 
J^-benzenedlc^rhox^ (1-9) ' ' : 

This was prepared as described iFor 1^ but using 3-R- 
(indol-3-yIethyl)-p-alahine ethyl ester (the preparation of which is 
described in European PubHcation 512,831 at Images 18-19 and 50, 
identified therein as compoimd.Ta) as the C-terminal amino. acid , 
component. . 

IH NMR (3G0 MHz, CDsbD) 5 8.20 (d,J=1.6Hz, IH), 7.95 (m, 2H), 
7.53 (m, 2H), 7.27 . (d, 1=8.1^2, IH), 7^05^^^^^^ 

J=6.2Hz, IH), 3.43 (t, J=6.7Hz,.2H), 3.30 (m, 2H), 2.90 (m, 4H), 2.54 
(d, J=5.9Hz, 2H), 2.10 (dd, J=7.0, 15.5Hz, 2H), 1.91 (d, J=15.0Hz; 2H), 
1:6 (rn, 3H), 1.4 (m,2H) : . 

Mass spectrum (FAB) 491 (M+1) 




N-(4-Piperidinyimethyl)-N'-(2-Garboxyethyl)- 1 ,3-benzenedi- 
carboxamide Cl-lOV ■ ' . .. 
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Treatment of Izl with 6^2 and p-alanine ethyl ester as 
described for 1:2., followed by hydrolysis (LiOH»H20) and deprotection 
(HCl gas) as described for 3-4 provided pure 1-10 . 
iH NMR (300 MHz, CD3OD) 6 0.55 (2H, m), 0.92 (3H, bd), 1 .44 (2H, 
t), 1.92 (2H, t),"2.35 (4H, m), 2.56 (2H, t). 6.50 (IH, t), 6.88 (2H, dt), 
7.15 (IH, s). 




N-(4-Piperidinylmethyl)-N'-[3-(2(S)-n-butylsulfonyl-aminopropionic 

acid1 - 1 .3-benzenedicarboxamide (1-^11) .__ '_ 

, Treatment of with 6^2 and 9-3 as described for 1-2 . * 
followed by hydrolysis (LiOH«H20) and deprotection (HCl gas) as 
described for 3^4 gave pure 1-11 . Rf 0.25 (silica, EtOH/NH40H/H20 
^° (10:1:1). 

IH NMR (300 MHz, CD3OD) 5 0.63 (3H, t), 1.15 (2H, m), 1.36 (2H, 
m), 1.54 (2H, m), 1.90 (2H, bd), 2.87 (2H, dt), 2.98 (2H, t), 3.25 (2H, 
d), 3.28-3;45 (3H, m), 3.69 (IH, dd), 3.92 (IH, dd), 7.50 (IH, t), 7.82 
(2H, t), 7.98 (IH, s). 



30 
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1) GDI 




R=S02R^brCRi 
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P 



O 



BocN 



CO2CH3 



5 



2-2 



{N-2-(N'-Boc-4-PiperidinyIethyl)-N"-3-[methyI 2(S)-ammo- 

propanoatel )-1.3-benzenedicarboxamide (2-2) ' 

. To a solution of 1 ,3-benzenedicarboxyliG acid (0.27 g, 1 .66 
mmoles) in 10 ml DMF was added carbonyl diimidazole (CDI) (0.54 g, 
3.32 mmoles) at 0° and this was stirred for 1.0 hour. Then, 1 -6 .10.38 
g, 1.66 mmoles) was added and the resulting solution was stirred for 4.0 ' 
hrs. Methyl 2(S),3-diaminopropionate (9-8 ) (0.315 g, 166 mmoles) 
and N-methylmorpholine (NMM) (4.98 mmoles) were added and the 
resulting solution was stirred for 16 hours. The solvent was removed 
and the residue was dissolved in H2O, acidified with 10% KHSO4 
solution and extracted with EtOAc. The aqueous phase was adjusted to 



pH 10 and extracted with EtOAc. Solvent removal provided 2-2 as a 
glim (0.45^g). 

IH NMR (300 MHz, CDCI3) 6 8.5 (broad, 2H), 8.28.(s, IH), 7.92 (m, 
2H), 7.54 (m, IH), 7.44 (t, J=7.7 Hz, IH), 4.0 (m, 2H), 3.8-3.6 (m, IH), 
3.68 (s, 3H), 3.50 (m, IH), 3.40 (m, 2H), 2.60 (m, 2H), 1.6 (d, J=12.7 
Hz, 2H), 1.5-1.4 (m, 3H), 1.41 (s, 9H), 1.05 (m, 2H). 




O 



O 



BocN 



-^^C02CH3 
H" NHS02C4Hg 
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NH 



2i2 



{ N-2-(N'-Boc-4-Piperidinylethyl)-N''-3-[methyl 2(S)-n-^but^^^ 
aminopropanoatel }-13-benzenedicarhoxamide f2-3^^ 
\ ■ To M (045 gyG.95 mnioles) in GH2GI2 (10 ml) at room_ 

temperature was added pyridine (5 mmoles) followed by n-butane-: 
sulfonyl chloride (5 mmoles). The reaction mixture was heated at , 
reflux for 8 hours and the solvent was removed. The residue was 
dissolved in CHCI3, washed, with 10% ,KHSO4 solution, brine, dried 
. (Na2S04) and the solvent rerhoved. The resulting residue was purified . 
by flash chromatography on sihca gel eluting with 5% MeOH/CHCIS to 
give 2-3.- ^ ■ ' \ ' . ; ; ■ ■ 

IH NMR (300 MHz, CDCI3) 5 g'.l.O (s, IH), 7.86 (t; j=8.1 Hz, 2H)! 7.66 
(t, J=5.9Hz, 1H), 7.38 (t, J=7 .7Hz, IH), 'e.g^Xt, 1=5,5 Hz, lH),.4".42.(d; : 
J=9.0 Hz, IH) 4.37 (m, IH), 4.02 (d, J=12:5 Hz, ^H), 3.95 (m, .IH), 
3.76 (s, 3H), 3.70 (m^^lH), 3.25. (m,.2H), 3.00 (t, J=7.9 . Hz, 2H). 2.66 . 

■(t,7=lXrHz;'2H)::i:7a(m,l2HV (s,^H),.,' 
1.40-1:30 (m, 5H)i 1 .06 (m, 2H), 0.86 (t, J=7.3 Hz, 3H). 




2-4 



{N-2-(4-Piperidinylethyl)-N'-3-[2(S)-n-but>'lsulfonyl-aminop.ropanoic 
acidl}-1.3-benzenedicarboxamide Q-4V • ' - ■ 

To 2^ (O.lOg, 0.167 mmoles) in GH2CI2.CI 0ml) at room 
temperature was added trimethylsilyl iodide (f MSI)' (0.35 mmoles). 
The yellow solution was stirred for 15. min, and then MeOH (5ml) was 
added to quench the reaction. The solvent was removed and the residue 
was dissolved in tHF( 1 )/H20( 1 )/MeOH( 1 ) and hthium hydroxide 
monohydrate (b.G70g, 1.67 mmoles) was added. After stirring for 1 
hour the solvent was removed and the residue was purified by flash 
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chromatography on silica gel eluting with EtOH(9)/H20(l)/NH40H(l) 
to give pure 2-4. 

IH NMR (300 MHz, D2O) 5 8.21 (s, IH), 8.01 (m, 2H), 7.75 (t, J=7.8 
Hz, IH), 3.91 (dd, J=5.1, 8.8 Hz, IH), 3.78 (dd, J=5.1, 12.9 Hz, IH), 
3.51 (m, 3H), 3.03 (d, J=11.3 Hz, 2H), 2.94 (t, J=8.0 Hz, 2H), 2.55 (d, 
J=12.2 Hz, 2H), 1.80-1.55 (m, 7H), 1.40-1.20 (m, 4H), 0.87 (t, J=7.5 
Hz,3H). . . 




2i5 



{N-2-(4-Piperidinylethyl)-N'-3-[ethyl 2(S)-n-butyl-sulfonylamino- 

propanoateTI-1 .3-benzenedicarboxaniide (2-5) ■ 

Treatment of 2-3 . with HCl gas in EtOAc, as described for 
2-4. gave 2-5 as a white solid. 

I H NMR (300 MHz, CD3OD) 6 0.90 (3H, t), 1.30 (3H", t), 1.4-1.5 (4H, 
m), 1.6-1.8--(5H,. m), 2.05 (2H, d), 3.0 (4H, m), 339 (2H, d), 3.45 (2H, 
m), 3.61 (IH, dd)i 3.80 (IH, dd), 4.23 (2H, q), 4.38 (IH, dd), 7.80 (2H, 
t), 8.0 (2H, d), 8.32 (IH, s). • 
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2z6 . 2-7 




2=^ 



Dimethyl 2-methvlhenzene-i.3-dicarboxvlate.r2^7V ■ 

A suspension of dicyano compound 2-6 (A Idrich) (IQ O g 
7.04 mmoles) in H2SO4 (75%' aqueous, 200 g) was heated at 160° for 4 
hours. The cooled reaction mixture was added to H2O and after settling 
byeniight, the solid product was cpllected, The aqueous phase was 
extracted with EtOAc and this was concentrated and combined with the 
solid collected, by filtration. This was dissolyed in CH3 OH, treated with 
HCl gas at room temperature for 24 hours and cpncentrated. The 
. residue was itaken up in EtOAc, washed with sahirated NaHC03, brine, 
dried (MgS04) concentrated and the residue purified by flash 
chromatography on silica gel eluting with 5% EtOAc/hexanes to giye 
pure 2£7. 

IH NMR (300 MHz, CDCI3) 6.2.70 (3H, s), 3.92 (6H, s), 7.29 (IH, m), 
7.8.8 (2H,m). . . v 
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[N-2-(4-Piperidinyl)ethyl-N'-(2-carboxyethyl)]-2-methyI-l,3-ben2ene- 

dicarboxamide (2-9) : 

Diester 2-7 was treated with LiOH>H70 in 
THF/MeOH/H20 (1:1:1) as described for 3d: to provide the desired 
diacid. This was treated with 1-6 and P-alanine ethyl ester as described 
for 2-2 . Hydrolysis and deprotection with HCl gas in EtOAc as 
described for provided 2=^ as a white solid. 
IH NMR (300 MHz, CD3OD) 5 1.45 (2H, m), 1.63 (3H, m), 2.03 (2H, 
bd), 2.36 (3H, s), 2.64 (2H, t), 2.98 (2H, dt), 3.61 (2H, t), 7.35 (3H, m). 




2-10 

* 

N-2-(4-Piperidinyl)ethyl-N'-3-[2(S)-n-butylsuIfonyl-aminopropionic.t 

20 acid1-2-methyl-1.3-benzenedicarbox-amide (2-10) 

This compound was prepared in similar fashion to 2-9 
wherein 9-3' was employed to. pro vide 2-10 . . 

IH NMR (300 MHz, CD3OD) 5 0.97 (3H, t), 1.45 (4H, m), 1.44 (2H, 
m), 1.74 (3H, m), 2.03 (2H, bd), 2.40 (3H, s), 2.99 (2H, dt), 3.10 (2H, 
25 t), 3.52 (IH, m), 3.84 (IH, dd), 4.33 (IH, m), 7.30 (IH, t), 7.38 (IH, 
m), 7.51 (IH, dd). 
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/ -40- 




2J2 (CH2)2Ph 



2 Q rN-2-rN'-BOC-4-Piperidmvnethvllpheneth vlamme (2- 11) 

A solution of phenethylamine (1.07 g/ 8.83 mmoles) and 
Et3N (1 .78 g, 17.6 mmoles) iii DMSO (25, ml) was cooled to 0° and 
treated with 1-4 and this was stirred for 4 hoiirs. The reaction mixture 
was diluted with EtOAc, wa:shed with samrateci NaHCOs, brine, dried 

25 (MgS04) ajid concentrated! The residue was p^u^^ 

chromatography on silica gel eluting with 2% GH30H/CHCl3(NH3) to 
give pure 2-1 1 . - \ ■ 

IH NMR (300 MHz, CDC'l3) 5 1.10 (2H, m), 1.44 (9H, s), 1.62 (3H, 
m), 2.67 (4H, m), 2.85 (4H, m), 4.04 (2H, b), 7.22 (2H, m), 7.40 (3H, 

30 ni)- . 

. {N-[2-(4-Piperidinyl)ethyli-N-(phenethyl) ) -N'-(2-carb6xyethyl)-l ,3- 

benzenedicarboxamide (2-12) . ■' - . . 

This compound was prepared in similar fashion to 2-9 
wherein 2-1 1 aiid P-alanine ethyl ester were used as the amine 
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components. Hydrolysis (LiOH»H20) and deprotection (HCl gas in 
EtOAc) as described for 3:4 provided 2-12 as a white solid. 
IH NMR (300 MHz, CD3OD) 5 0.80 (2H, m), 1.00 (2H, m), 1.15 (IH, 
m), 2.13 . (2H, m), 2.32 (2H, m), 2.62 (3H, m), 3.24 (2H, m), 3.35 (IH, 
m), 6.54 (IH, b), 6.82 (IH, b), 6.93 (2H, m), 7.05 (IH, bd), 7.19 (IH, 
bt), 7.45 (lH,bs), 7.57 (lH, bd). 



H2 

1,0% Pd/C 
CH3OH 



- O 
10 ' ' 




BOCN >-(CH2)2NH2 + CH3CH2CH 



15 BOCN 




(CH2)2NHC3H7 



2-13 



rN-2-(N'-BOC-4-Piperidinvnethvnpropvlamine (2-13\ 

A solution of 2-(N-BOC-4-piperidinyl)ethyiamine (1_::6) 
(1.0 g, 4.39*mmoles) in CH3pH (5 ml) was treated \yith propion- 
aldehyde (4:50 mmoles) and: 10% Pd/C (0.25 g) and the resulting, 
suspension was hydrogenated at 1 atmosphere for 20 hours. The 
catalyst was removed by filtration, the solution concentrated and the 
residue purified by flash chromatography on silica gel eluting with 2% 
CH30H/CHC13(NH3). Rf 0.4 (sihca, 10% CH30H/CHCl3(NH3). 
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2-14 
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N42-(4-Piperidinyl)efhyi-N-propyI]-N'<2-carboxy-ethyI)-l,3-benzene 
dicarboxamide T2-14) . 

. This compound was prepared in similar fashion to 2-9 
wherein 2-13 and P-alanine etiiyl ester were used as the amine 
components. Hydrolysis (LiOHoH20) and deprOtection (HCl gas in 
EtOAc as described for 3-4 gave 2-14 . 

-IH NMR (300 MHz, CD3OD) 5 1.02 (3H, t), 1.28 (2H, m), 1.46 (3H, 
m), 1.68 (4H, m), 3.20 (4H, m), 3.48 (2H, t), 3.62 (4H, m), 7.52 (IH, 
d), 7.59 (IH, t), 7.88 (IH, bs), 7.98 (IH, d). 



15 



20 



25 



BocN 




BocN 



- 9 
(CH2)2NI-I.C.> 




(CH2)2NHC 




„..'''\;^C02CH3 
■; J NHCCsHu 
• O 



T. TMSI 

2. LiOHoHsO 



30 



HN 




O 

(CH2)2NHC 




CO2H 



J NHCC5H11 

O ' 
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N-[2-(N'-Boc-4-Piperidmyl)ethyl]-N"-[3-(methyI 2(S)-hexanoyIammo- 

propionate)1-1.3-benzenedicarboxamide (2-15) 

A solution of 2^2 (0.6 g, 1.26 mmoles) in CH2CI2 (15 ml) 
^ was treated with pyridine (3.78 mmoles), cooled to 0°, and then treated 
with hexanoyl chloride (3.78 mmoles) and the solution was then stirred 
at ambient temperature for 4 hours. The solvent was removed, and the 
- residue dissolved in 10% KHSO4 solution to pH 2-3, extracted with 
CH2CI2 and this was washed with brine, dried (MgS04) and 
^° concentrated to give 2-15 . Rf 0.65 (silica, 10% MeOH/CHCl3(NH3). 

N-2-(4-Piperidinyl)ethyl-N'-[3-(2(S)-hexanoylamino-propionic acid)]- 

1 .3-benzenedicarboxaniide (2-16) ' ' ■ 

A solution of 2-15 (0.545 g, 0.95 mmoles) in CH2CI2 (50 
ml) was treated at room temperature with TMSI (2.9 mmoles) and after 
stirring for 15 minutes, the reaction was quenched with 20 ml CH3OH. 
The solvent was removed and the residue was dissolved in 
THF/MeOH/H20 (1 : 1 : 1 ) (45 ml) and treated with LiOH«H20 (0.42 g, 
10 mmoles) wi± stirring for 0.5 hr. Solvent removal gave a residue 
that was purified by flash chromatography on silica gel eluting with 
EtOH/H20/NH40H (9:1:1) to give pure 2d^: 

IH NMR (300 MHz, CD36D) 5 0.5 (3H, t), 0.92 (5H, m), 1.05-1.45 . 
(6H, m), 1.70 (2H, bd), 1.91 (2H, t), 2.65 (2H, t), 2.98 (4H, m), 3.06 
(2H, bd), 3.14 (2H; t), 3.42 (2H, m), 7.23 (IH, t), 7.63 (2H, d), 7.90 (s). 



30 




25'"-/' ■ ■• - ' , : " / . ■ / .' ■ ■ ' ' ■' ^ ■ V, 

[N.2-(N'-B,OC-4-Piperidinyl)ethyl]-N"-3-[methYl 2(S)-thien-2- . 

: vlsulfonvlaminopropionatel-1.3-benzenedicarboxamide r2-18) . 

: A solution of 2r2 (0.34 g, O;?! mmoles) in GH2CI2 (5 ml), 
, at room temperature was treated with pyridine (2.1 2 mmoless) followed 

^° . by 2-thiophenesulfonylchloride (Aldrich) (0.32 g, 2.12 mmoles). After 
stirring for 3 hours, the solvent was removed and the residue was taken 
up in CH2CI2 washed with NaHC03, 10% KHSO4, brine, dried 
.(MgS04) and concentrated. The residue was purified by flash 
chromatography on silica gel eluting vyith 5% MeOH/CHCls to provide 
pure aaS, Rf 0.45 (silica, 1 0% MeOH/CHCl3(NH3). 
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[N-2-(4-Piperidmyl)ethyl]-N'-[3-2(S)-thien-2-yl-sulfonylammo- 

propionic acid1-1.3-benzenedicarboxamide (2-19) 

Treatment of 2-18 with LiOH«H20 followed by 
deprotection with HCl gas in EtOAc as described for 3^4 gave 2-19 as a 
white sohd. Rf 0.23 (silica, EtOH, NH4OH/H2O (10:1 : 1). 
IH NMR (300 MHz, CD3OD) 5 1.40 (2H, m), 1.66 (2H, m), 1.77 (IH, 
m), 2.04 (2H, bd), 3.00 (2H, t), 3.50 (2H, t), 3.65 (2H, m), 3.77 (2H, 
dd), 3.90 (2H, dd), 7.10 (IH, m), 7.'59 (2H, m), 7.72 (IH, d), 7.98 (2H, 
m), 8.26 (IH, s). 



15 



Preparation of Dimethyl 4-methvlbenzene-1.3-dicarboxvlate (2-20) 



HO 
CH3 




CO2CH3 



TfgO. CH2CI2 

2, 6-lutidine, DMAP 



(2-20al 



20 




CO2CH3 



25 



30 



CH. 



(2-2Qt?} 



CO, Pd(OAc)2 
dppp, CH3OH, 
DMSO, EtsN 



CH302C>^^^^^^^C02CH3 



-46.- 



10 



15 



2 a 



25 



Methyl 4-methyI-3-trifluoromethanesulfonyloxybenzoate (l-lOb) 

. . ' A solution of methyl 4-methyl-3-hydroxybenzoate r2-20a ) 
. (20,0 g, 0.12 moles) [prepared from the correspondiiig carboxylic acid 
(Aldrich) by treatment with a methanolic solution of HCl gas] in 
CH2GI2 (900 ml) was cooled to -40''C and treated successively with 2,6-^ 
lutidine (0.18 moles), DMAP' (2.9 g, 0.024 moles) and trifluoromethyl- 
sulfonyl anhydride (0. 18 moles).; The cooling bath was then removed 
and the resulting mixture was stirred at ambient temperature for 2.0 
hours. The solvent was then removed arid the residue was purified by 
flask chromatography on silica eluting with hexane(8)/-EtOAc(2) to 
provide pure 2^2Qb, Rf 0.35. 

IH NMR (300 MHz, CDGI3) 5 2.18:(3H, s), 3.85 (3H, s), 7.30 (IH, d), 

Dimethyl 4-methvlbehzene-13-dicarboxylat^ (2-20) . I; 

A 'solution of 2-20b (30.0 g, X).121 moles) in medianol/300 
ml was treated successiyely with DMSO (I SO ml); triethyiamine (0.278 
moles), palladium acetate (0.807 g, 3.6 nimoles) and dppp (1.48 g, 3.6 . 
minoles) as the reaction turned to a clear dark brown solution. Carbon, 
monoxide was then, bubbled through the reaction mixture for 3 minutes' 
and the resulting niixture was heated at reflux, while continuing to 
bubble CO. After refluxing for 4 hours the reaction mixture was 
concentrated and the resulting brown oil was purified by flask 
chromatography on silica gel eluting with hexane(90)/EtOAc(10) to 
provide pure 2-20 . 

JH NMR (300 MHz, GDCl3 (3H, s), 3.95 (3H, s), 3.96 (3H, s), 

7:37 (lH, d); 8.09 (lH, dd), 8.60 (1H, d). \ ' ■ . 
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CHg THF/MeOH/HgO 



2-20 



HCI 



2-21 



15 



20 



25 



O 



HO2C. 
■ CH3 



o 



"N' 
H 



,t-Bu 



2-22 



BOP/CH3CN 




BOON >^(CH2)2NH2 



.1-6 
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-48: 



10 



15 



BOON 




{CH2)2NH 
2:22. 

HCI/EtOAc 





(GH2)2NH 



2=2A 



C02t-Bu 




i.«..,Lui»!ai\jn;5i 

CO2H- r 



20 



25 



30 



4-Methvl-1.3-berizenedicarhoxvlic acid (2-21) 

A solution of 2-20 (1.5 g, 7.2 mmoles) in THF/MeOH/H20 
(1:1:1) (36 ml) at room temperature was treated with U0H°H20 (1.5 g, 
36 mmoles). After stirring for 3 hours, the solvent was reiiioved and 
the residue acidified with IN HCI. This was extracted with EtOAc, and 
the extract was dried (MgS04) and concentrated to give 2-21 .-- 
IH NMR (3G0 MHz, CD3OD) 5 2.65 (3H, s), 7.40 (IH, d), 8.03 (2H, d), 
.8.56 (IH, s). ■ ■ : ' : , ' • ] " 

4-Methyl-3-carboxy-N-2-(t-butyloxycarbonylethyl)-benzenecarbox- 
amide (2-22^ • • 

2-21 (0.4 g, 2.22 mmoles) in DMF (6 ml) was treated at 
room temperature with GDI (4.44 mmoles). After stirring for 10 . 
minutes, ^-alanine t-butylester HCI (Bachem) (0.20 g, 1.11 mmoles) 
was added and the reaction mixture was stirred for 18 hours. The 
solvent was removed and the residue acidified to pH 2t3 with 10% 
KHSO4 solution extracted with EtOAc and this was dried (MgS04) and 
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concentrated. The residue was purified by flash chromatography on 
siHca gel eluting with CH2Cl2/MePH/HOAc (9/0.25/0.25). 

4-Methyl-3-{N-[2-(N'-Boc-4-piperidinyl)ethyl]-N"-2Kt-butyloxy- 

carbonvlethvl) 1 - 1 .3-benzenedicarboxamide (2-23) 

A solution of 2::22 (0.33 g, 1 .07 mmoles) in CH3CN (5 ml) 
was treated with 1^6 (0.38 g, 1.6 mmoles) at room temperamre to give 
a clear solution. This was treated with NMM (2.7 mmoles) followed by 
BOP (1.6 mmoles) and the reaction niixture was stirred for 18 hours. 
This was then diluted with EtOAc, washed with H2O, 10% KHSO4, 
saturated NaHCOs, brine, dried (MgS04) and concentrated. The 
residue was purified by flash chromatography on silica gel eluting- with 
60% EtOAc/hexanes to give pure 2^. Rf 0.26 (silica, 60% . 
EtO Ac/hexanes . 

4-Methyl-[2-(4-piperidinyl)ethyl]-N'-2-(carboxyethyl)-l,3-benzenedi- 

carboxamide (2-24) 

A solution of 2-23 (0.23 mmoles) in EtO Ac (5 ml) was > 
treated with HCl gas as described for 3dt to give 2-24 as a white solid. 
I H NMR (300 MHz, D2O) 5 1.12 (2H, t), 1.33 (2H,'m), 1.52 (2H, m), 
1.60 (IH, m), 1.90 (2H, bd), 2.26 (3H, s), 2.58 (2H, t), 2,88 (2H, bt), 
3.32 (4H, m), 3.52 (2H, t), 7:29 (IH, d), 7.52 (IH, s), 7.59 (IH, dd). . 



25 Q >_ g 




CO2CH3 



HNSO2— ^ 7 



2-25 



{ N-2-(N'-B'OC-4-piperidinylethyl)-N"-3-[methyl 2(S)-(3-pyridyl- 
sulfonylamino)propionatel ) - K4-benzene dicarboxamide (2-25) 
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. ' ' .-'50- ' ■ . ■' ' ■ ' ■ '■; 

Compound 2-25 was prepared using the same procedure aS 
for Zzi; utilizing 1:6, .terephthalic acid and 9-13 . Rf 0.26 (60% 
Acetone/Hexane. . 
iH NMR (300 MHz, CDCI3) 5 9.1 (s, IH), 8.8 (d, J = 3 Hz, lH), 8.2 
(m, IH), 7.9 (m, IH), 7.7 (s, 4H).7.5 (m, 1H),,7,4 (m, IH), 4.4 (m,- 
' IH), 4.1 (bd, 2H), 3.9 (s, 2H), 3.7 (s, 3H), 3:6 (m, 2H), 2.8 (m, 2H). 1.9 
- 1.6 (m, 5H), 1.6 (s, 9H), 1.2 (m,:,2H). ■ > 




. ■ ■ • .•■ ' 2-26 ;• . ■ . . . ■■ ..• . .. 

■ :.• . ■ ■ ■ ■ • -A- ' \ ' " . \ ■ 

{N-2-(4-Piperidinylethyl)-N'-3-[2(S)-(3-pyridylsulfonylamino)- 
propanoic acid1-l ^-benzenedicarboxamide (2-26\ 

Compound 2::25 was ti-eated with, 6N HC1 at room 
temperature for 16 hours, then concentrated to yield 2-26 as a white 
solid. Rf 0.27 (9:1:1 EtOH/H2Q/NH40H). 

iNMR (300 MHz, 020) 5 9.1 (s, IH), 8.7 (m, 2H), 7.9 (dd, J = 6, 8 Hz, 
IH), 7.8 (d, J = 8.5, 2H), 7.7 (d, J = 8.5, 2H), 4.5 (dd, J = 4, 9 Hz, IH), 
3.8 (dd, J = 4, 14 Hz, IH), 3:5 (dd, J = 9, 14 Hz, IH), 3.4 (m, 4H), 3.0 
(m, 2H), 1,95 (bd, 2H), 1.8-1.6 (m, 3H), 1.4 (m, 2H). 




{ N-3-(N'-BO.C-4-piperidinylpropyl)-N"-3-[methyl 2(S)-(3-pyridyl- 
sulfonvla mino)propionatel]-1.4-benzene dicarboxamiJe (2-27'> 
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Compound 2-27 was prepared using the same procedure as 
for 2-25 . utilizing 9-13 . terephthalic acid and 3-(4-N-BOC-piperidinyl) 
propylamine (Compound 10-1 . page 50, line 2, and page 51, lines 53- 
54, of European Publication 540,334). 
Rf 0.26 (60% Acetone/Hexanes) 

1h NMR (300 MHz, CDCI3) 5 9.0 (s, IH), 8.7 d, (IH), 8.1 (m, IH), 7.6 
(s, 4H), 7.4 (dd, IH), 1.6 (bt, IH), 4.3 (m, IH), 4.0 (bd, 2H), 3.8 (s, 
,3H), 3.4 (m, 2H), 2.6 (bt. 2H). 1.6 (bd, 4H), 1.4 (s, 9H), 1.3-1.2 (m, 
3H), 1.1 (m, 2H). 




{N-3-(4-Piperidinylpropyl)-N'-3-[2(S)-3-pyridylsulfonyiamino- 

propanoic acid1-1.4-benzendicarboxamide (2-28) ' 

Compound 2-28 was prepared using the same procedure as 
; described for 2-26 . Rf 0.27 (9:1:1 EtOH/H20/NH40H). . 

iH NMR (300 MHz, P2O) 6 9.2 (s, IH), 8.7 (m, 2H), 7.9 (m, iH), 7.7 
(d, J = 8.5 Hz, IH), 7.65 (d, J = 8.5 Hz, IH), 4.45 (dd, J = 4, 9 Hz, IH), 
2 3.8 (dd,' J = 4, 14 Hz, IH), 3.5 (dd, J = 9, 14 Hz, IH), 3.4 (m, 4H), 3.0 
(m, 2H), 1.9 (bd, 2H), 1.6 (m, 3H), 1 .4 (m, 4H). 
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HP2C — f Q>— CO2H 



1. GDI 



2. Mli . 

3. BOCN(CH3)(CH2)4NH2 



10 



15- 



20 



B.OCN-(CH2)4NH 
CH3 




2:2a 



CO2CH3 



HNS02--^ 7 



4-[4-(N-Boc-N-Methylamino)butylaminGcarbonyI]benzoy]-2(S)-3 

pyndvlsulfonvlamino-p-alanine methvl ester 12 . , 

Treatment of 1,4-benzene dicarboxylic acid (Aldrich) with 
CDI, 9-13 and 4-(N-t-butyloxycarbonyl methyl amino )butyiamine (Syn. 
Comm., 1992, 22, 2357) as described for 1-2 gave 2-29 . 
iH NMR (300 MHz, CqCl3) 6 9.0 (s, IH), 8.71 (d, IH), 8.1 1 (m, IH), 
7.8-7.6 (m, 4H), 7.58 (m, IH), 7.35 (dd, IH), 4.3 (t, IH), 3.8 (m, 2H), 
3.6 (s, 3H), 3.45 (m, 2H), 3.25 (bs, 2H), 2.8 (s, 3H), 1.6 (bs, 4H), 1.45 
(s,9H). • , • 



25 



CH3 NH(CH2)4NH 




2-30 



CO2H 



HNSO2 




^° . 4-[(4-(N-Methylaminobutyl)aminocarbonyl]benzoyl-2(S)-3-pyridyl- . 
sulfonvlamino-p-alanine (2-30) 

Treatment of 2-29 with 6N HCl, followed by concentration 
. and column chromatography (Si02, 9:1:1 EtOH/H20/NH4bH) gave 
2-30 as a white solid. 
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iH NMR (300 MHz, D2O) 6 8.7 (s, IH), 8.15 (d, IH), 8.0 (d, IH), 7.75 
(d, 2H), 7.6 (d, 2H), 7.2 (m, IH). 3.7 (dd, IH), 3.6 (dd, IH), 3.4 (m, 
2H), 3.2 (dd, IH), 2.5 (m, 2H), .2.25 (s, 3H), 1.7-1:4 (m, 4H). 
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SCHEME 3 




3-r(2-Garboethoxve thvnaminosulfonvnhenzbic acid 

To a solution of 3-chIorosulfonylbenzoic acid (3-1) 
(Maybridge Chemicals) (l.lOg, 5 mmoles) and ^-alanine ethyl ester 
(0.85g, 5.5 mmoles) in CHCI3 (20 ml) at room temperature was added 
triethylamine (1.52g, 15 mmoles). After stirriiig for 3 hrs the solvent 
was removed, the residue was taken up in EtOAc, washed with H2O, 
10% KHSO4 solution, H2O, brine and dried (Na2S04} Solvent 
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removal gave a residue that was purified by flash chromatography on 
siHca gel eluting with CHCl3(97)/MeOH(3) to give pure 3-2. 
IH NMR (300 MHz, CDCI3) 6 1.24 (3H, t), 2.55 (2H, t), 3.23 (2H, q), 
4.25 (2H, q), 6.66 (IH, t), 7.65 (IH, t), 8.12 (IH, d), 8.30 (IH, d), 8.60 
^ (lH,s). 

3-[(2-Carboethoxyethyl)aminosulfonyl]-N-[N'-2-(Boc-4-piperidinyl- 

ethymbenzamide (3-3) ■■ ' ' ' 

To a solution of 1:2 (0.3g, 1 mmoles) and 1:6 (0.228g, 1 

■"■^ mmoles) in acetonitrile (15 ml) was added BOP (0.53g, 1.2 mmoles) 
and triethylamine (0.36g, 3.6 mmoles) at room temperature. After 
stirring for 48 hours the solvent was removed and the residue was taken 
up in EtOAc and this was washed with H2O, 10% KHSO4 solution, 
H2O, samrated NaHC03 solution, brine and dried (Na2S04). Solvent 

""■^ removal provided a residue that was triturated with Et20 to give 3^3 as 
a viscous; yellow residue. 

IH NMR (300 MHz, CDCI3) 5 1.0-1.22 (2H, m), 1.22 (3H, t), 1.45 (9H, 
bs), .1.45-1.80 (5H, m), 2.52 (2H, t), 2.65 (2H,.bt) 3.22 (2H, m), 3.49 
(2H, m), 3.95-4.20 (4H, m), 5.69 (IH, bt), 6.80 (IH, bt), 7.60 (IH, t) 
7.98. (IH, d), 8.06 (IH, d), 8.23 (lH, s). . 

3.-[(2-Carboxyethyl)aminosulfpnyl]-N-[2-(4-piperidinyl-ethyl)]- 

benzamide (3-4) ■ : 

3-3 (0.44g, 0.86 mmoles) was dissolved in 15 ml of 
THF(l)/MeOH(l)/H20(l), treated with LiOH-H20 (3.0 mmoles), and 
this was stirred at room temperature for 16 hrs. The solvent was then 
removed and the residue was taken up in 100 ml/H20 and this acidified 
to pH 2-3 with 10% KHSO4 soln. This solution was extracted with 
EtOAc and the combined extracts were washed with brine and dried 
(Na2S04). Solvent removal gave a residue that was purified by flash 
chromatography on silica gel eluting with CHCl3(95)/MeOH(5) to give 
the desired acid as an oil. 

IH NMR (300 MHz, CDCI3) 5 1.0-1.21 (2H, m), 1,46 (9H, bs), 1.46- 
1.78 (5H, m), 2.53 (2H, t), 2.68 (2H, bt), 3.20 (2H,.m), 3.50 (2H, bq), 
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4.05 (2H, bd), 6,08 (IH, b), 6.89 (IH, bt), 7.60 (IH, t), 8.01 (IH, d), 
. . "8.05 (IR d), 8.27 (lH, s). ; ; V : " , , ^/ ■.. 

\ , Tliisicid was dissolved in EtO Ac (30^^^^ 
^ and treated by bubblmg gaseous HCl through th&^s^^^ 
minutes, The reaction riiixmre was then stoppere 
for 1.0 hr. The solvent was removed and the resulting solid was 
triturated with EtOAc (30 ml) to give crude 14 as a white solid. This 
was purified by flash Ghromatogra{)hy on siHca gel eluting with H20(l)/ 
; . H • ' NH4QH(1) to give pure 3-4. ^ . . ' • . v 

NMR (300 MHZ/CD3OD) 5 1.30-1.5^^ 



20 



30 
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3-r2-(N-Boc-Piperidm-4-vnethvraminosulfonvl1benzoic acid (4-n 

A solution of 2-(N-Boc-4-piperidinyl)ethyl-amine ( 1-6) 
(0.45g, 2.0 mmoles) in CHCI3 (20 ml) was treated with added 
triethylamine (0.405g, 4.0 mmoles) followed by 3-chloroisulfonyl- 
benzoyl chloride ( 3-\ ) (0.44g, 2.0 mmoles) and the resulting solution 
was stirred at room temperature for 16 hours. The solvent was then 
removed and the residue was taken up in EtOAc and washed with H2O, 
10% KHSO4 solution, brine and dried (Na2S04). Solvent removal 
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provided a residue that was purified by flash chromatography on sihca 
.gel eluting with CHCl3(95)/MeOH(5) to give pure 4-1. 
IH NMR (300 MHz, GDCI3) 5 0.98-1.2 (2H, m),^ 1.46 (9H, bs), r.3-1.7 
(5H, bd),.2.64 (2H, dt), 3.04 (2H, m), 4.05 (2H, bd), 5.04 (IH, bs), 7.65 
^ (IH, t), 8.12 (IH, d), 8.31 (IH, d), 8.6 (IH, s). 

3-[2-(N-Boc-4-Piperidinyl)ethylaminosulfonyl]-N'-[(2-carboethoxy)- 
, ethyllbenzamide (4-2) 

A solution of 4-1 (0.7 g, 1.7 ninioles), fi-alanine ethyl ester . 
^° hydrochloride (0.26g, 1.7 rtimoles), BOP (0.90g, 2.04 mmbles) in 
CH3CN (1 5 ml) was treated with 0.62g (6.12 mmoles) triethylamine 
V-andithe^^resultihg solution was. stirred-at.room~temperature for 1 6 hours. 
The solvent was removed and the residue was dissolved in EtOAc. This 
was washed with H2O, 10% KHSO4 solution, H20s saturated NaHC03 
solution, brine and dried (Na2SQ4). 'Solvent removal provided a 
residue that was purified by flash chromatography on silica gel eluting 
with CHCI3 (96)/MeOH (4) to give pure 4^., 
■ IH NMR (300 MHz, CDCi3) 5 0.91-1.12 (2H, m), 1.27 (3H, t); 1.27- 
1.62 (5H, m); 1.45 (9H, bs), 2.49-2.72 (4H, m), 2.9-3:05 (2.H, m), 3.72 
^° (2H, q), 4.02 (2H, bd); 4;15 (2H, q), 5.35 (IH, bs), 7.122 (IH, bt),-7.59 
(IH, t), 7.99 (2H,d), 8.3 (lH,s). ' 

3-[2-(4-Piperidiiiyl)ethylaminosulfonyl]-N-[(2-carboxyethyl)]benzamide 
■ C4-3Y' ' • ■ '■ 

25 ■ ' '■ ■ — ' '- '■ 

4-2 (0.1 7g, 4.05 mnioles) was dissolved in 15 ml of 
THF(l)/MeOH(i)/H20(l), treatei^ LiOH°H20 (12'mmoles), and 
this was stirred for 1,6 hours. The solvent was then removed and the 
residue was diluted with H2O (100 ml) and extracted with Et20. The 
. aqueous phase was adjusted to pH 2-3 with 10% KHSO4 and extracted 

30 

with EtOAc. The organic phase was washed with brine, dried 
(Na2S04) and the solvent removed to give the desired acid. Rf 0.15 
(silica gel, CHCl3(95)/MeOH (5). 

IH NMR (300 MHz, CDCI3) 50.87-1.1 (2H,.m), 1.22-1.55 (5H,m), 
. 1.44 (9H, bs), 2.55 (2H, bt), 2.75 (2H, m), 2.98, (2H, m), 3.72 (2H, m), . 
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4.00 (2H, bd), 5.42 (IH, bs), 7.62 (IH, t), 7.65 (IH, bs), 8.00 (IH, d), 
8.17(1H, d), 8.34(1H, s). 

This acid (0.48g, 1 .0 mmole) was dissolved in EtOAc and 
treated with HCl gas as described for 3jA. Trituration of crude product 
^ with. EtOAc gave pure 4^3, Rf 0.35 (silica gel/EtOH(9)/H20(l). 

IH NMR,(300 MHz, CD3OD) 5 1.20-1.39 (2H,m), 1.45 (2H,q), 1.72 
(lH,m), 1.88 (2H,bd), 2.65 (2H,t), 2.74-3.03 (4H,m), 3.35 (2H,bd), 
3.64 (2H,q), 7.68 (lH,t), 8.02 (2H,m), 8-28 (lH,s), 8.80 (lH,bt) 

10 



CBZN 




15 ■ 

3-rN-CBZ-4-PiperidinvDmethvlaminosulfonvllbenzoic acid (4-4V 

4i4 was prepared as described for 4JL wherein (N-CBZ- 
piperidin-4-yl)methylamine 8^ was employed. 4A, had 
IH NMR (300 MH3, CD3OD) 5 0.95-1.13 (2H, m), 1.52-1.75 (3H, m), 
2.72 (2H, d), 2.60-2.90 (2H, m), 4.10 (2H, d), 5.09 (2H, s), 7.2-7.4 (5H, 
m), 7.66 (IH, t) 8.02 (IH, d), 8.22 (IH, d); 8.44 (IH, d) 



■ 25 




30 3-[(N-CBZ-4-Piperidinyl)methylaminosulfonyl]-N'-[(2-carboethoxy)- 
ethyllbenzamide (4-5) ' 



H-5 was prepared as described for 4-2 . 
IH NMR (300 MHz, CDCI3) 5 0.96-1.16 (2H, m), 1.26 (2H, t), 1.52- 
1.73 (3H, bd), 2.65 •(2H, t), 2.60-2.70 (2H, m), 2.72 (2H, t), 3.72 (2H, 
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q), 4.13 (4H, bq); 5.09 (2H, s), 5.30 (lH, bt), 7.17 (lH; bt), 7.25-7.45 
(5H,:m)/''.59 (lH, 0,-7.97; (2H, d), 8.28 (lH, s) ■ . ' ' '. 



:HN 



T.CH2NHS02 




•10 



15 



3-[(4-Piperidmyi)methylaminosulfonyi]-N-[(2-carboxye^ 

(4-6). ; ■ ' . ■ .; . ■ ' . . :. ■ ' ^ • . 

" - - 4-^ was prepared from 4-5 as deseribed for 4-3 . 

lH NMR(300MHz, CD3OD)5 1.25-1.50 (2H, m), 1.74 (lH,-m), 1.88 • 
(2H, bd): 2.49 (2H,:t), 2.80-2.96 (4H, m), 3.34 (2H, bd), 3.63 (2H, t), 
7.65 (IH, t), 7.98 (IH, d), 8.04 (IH, d), 8.27 (IH, s). 



20 , 



25 



30 
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CF3CO2H, -15° 
anisoie 



20 




25 

N-[(2-(N-Boc-4-Piperidinyl)ethyl]-N^[(2-ca^boxyet^^^ 

dicarboxamide (5-2) ^ 

A solution of 3,5-pyridinedicarboxylic acid (Aldrich) (5-1 ) 
(0.74g, 4.4 mmoles) in DMF (40 ml) at room temperature was treated 
3 0 with carbonyldi imidazole (CDI) (1.4g, 8.8 mmoles) and after 1 hr, 1^6 
~(4A mmoles) was added. Then, (i-alanine ethyl ester- hydrochloride 
(P.67g, 4.4 mmoles) was added followed by N-methylmorpholine 
(NMM) (13.2 mmoles) and the resulting solution was stirred at room 
temperature for 16 hrs. The reaction was diluted with EtOAc and 
washed with H2O, 10% KHSO4 solution, brine and dried (Na2S04). 



-62- 



Solvent removal provided the desired dicarboxamide as an oil, which 

was submitted without further purification to the next reaction! 

This oil was dissolved in THF(l)/MeOH(l)/H20(l) (15 ml) 

and LiOH (21 mmoles) was added. After stirring at room temperature 
^ for 1 hr the reaction mxt was diluted with EtOAc/H2pl The aqueous 

phase was separated and adjusted to pH 5 with 10% KHSO4 soln and 

extracted with EtOAc. The organic phase was washed with,H20, brine 
, and dried (Na2S04). Solvent removal gave the desired acid (5-2) as a 

white solid. " ' ■ . 

^° IH NMR (300 MHz, CD3OD) 6 8.99 (s, 2H)-, 8.52 (s, IH), 4.95 (d, 2H), 

3.58 (t, 2H), 3.40 (m, 2H), 2.75-2:60 (m, 2H), 2.58 (t, 2H), 1.7 (d, 2H), 

r.5 (m,3H), 1.37 (s, 9H), 1.05 (m, 2H). 

N-[2-Piperidin^4-yl)ethy4]-N'-f(2-earboxy)ethy^^^ 

carboxamide (5-3 Y : . ■ ' ■ .' : ■ ■ ^ . 

5^ (0.30g, 0.67 rnmoles) was dissolved in CH2CI2 and 
treated at - 1 5° with anisole (1.5 mmoles) and trifluoroacetic acid (3 ml). 
After stirring for 0.5 hour, the solvent was removed and the residue 
was purified by flash chromatography on silica gel eluting with 
^° MeOH(10)/NH4OH(l)/H2O(l) to provide 5-3. 

■ IH ]SfMR (330 MHz, D2O) 5 9.02 (m, 2H), 8.48 (s, IH), 3.63 (t, 2H), 
3.51 (t, 2H), 3.45 (d, 2H), 3:01 (dt, 2H), 2.5 (t, 2H), 2.03 (d, 2H), 1.75 
(m, IH), 1.68 (q, 2H), 1.45 (m, 2H). 
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N-[2-(N'-Boc-4-PiperidmyI)ethyl]-N"-[(2-carboxy)ethyl]-2,6-pyridine- 

dicarboxamide (5-5) _^ : 

5-5 was prepared from 2,6-pyridinedicarboxylic acid 
(Aldrich) as described for 5^2. 5^5 had iH NMR (300 MHz, CDCI3) 5 
8.54 (t, IH), 8.40 (d, 2H), 8.05 (t, IH), 7.75 (m, IH), 4.2 (m, 2H), 3.8 
(m, 2H), 3.6 (m, 2H), 2.7 (m, 4H), 1.8-1.6 (m, 5H), 1.48 (s, 9H). 1.3 
(m, 2H). ■ 

5-5 — 



O O 



15 




N-[2-(4-PiperidinyI)ethyl]-N'-[(2-carboxy)ethyl]-2,6-pyridinedi- 

carboxamide (5-6) ' 'J_ 

5-6 was prepared as described for 5-3 . 
IH NMR (300 MHz, CD3OD -f DTFA) 5 8.06 (d, 2H), 7-94 (t, IH), 
3.50 (t, 2H), 3.33 (t, 2H), 3.18 (m, 2H), 2.78 (m, 2H), 2.48 (t, 2H), 1.88 
(d, 2H), 1.5 (m, 3H), 1.22 (m, 2H). 



. . - 64 - .. 
SCHEME 6 



BOP, TEA 




6-4 ' : , ■ ■ ' • 

1. LiOH'HaO 

. 2. HCI (gas), EtOAc 
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BQCN^ ^CHgNHg 
6-2 



^ 4-IN-t-ButyloxycarbQnylpiperidinynmethylamine (6-2) 

A solution of 4-(piperidinyl)methylamine (Aldrich) (2-1) 
(22.8 g, 0.2 mmoles) in toluene (25G ml) was treated with benzaldehyde 

3^0 (21,2 g, 0,2 mmoles) at room temperature and the resulting mixture 
was heated at reflux for 3 hours with the aid of a Dean-Stark trap for 
water removal. The cooled reaction mixture containing the desired 
Schiffs base was treated portionwise with di-t-butyl dicarbonate (47.96 
g, 0.22 moles) and the resulting solution was stirred at room 

15 temperature for 16 hours. The solvent was then removed and the 

residue was cooled to O-S'^C and treated with IN KHSO4 (220 ml) with 
stirring for 3 hours. The resulting reaction mixture was extracted with 
ether (3 x 200 ml) and then made basic with IN KOH solution and 
extracted with CHCI3 (4 x 75 ml). The combined organic extract was 

20 washed with brine, dried (Na2S04) filtered through cehte, and the 
solvent removed to provide pure 6i2 as a clear oil. 
lHNMR(300MHz, CDCl3)5 1.13 (2H,m), 1.45 (9H, s), 1.60 (IH, 
m), 1.74 (2H, d), 2.68 (4H, m), 4,15 (2H, bd). 



25 





Boon /-CH2NH 



3-Hydroxy-N-rN'-Boc-4-(piperidinylmethynicarboxamide (6-3) 
A isuspension of 3-hydroxybenzoic acid (1.0 g, 7.24 
mmoles) in CH3CN (15 ml) at room temperature was treated with 6-2 
(7.24 mmoles) and BOP (4.8 g, 10.8 mmoles) to give a homogenous 
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reaction mixture; TEA (21.7 mmples) was added and this was stirred . 
for 16 hours. . Tlie solvent was removed and the residue was taken up in 
EtOAc and washed with 10% KHSO4. solution, brine and dried ■. \ ' 
. (MgS04). Solvent removal gave a residue that was purified by flash 
chromatography on sihca gel eluting with 5% MeOH/CHClB to give 
pure6;3. Rf 0.8 (silica, 10% MeOH/CHCl3 (NH3). 
IH NMR (300 MHz, CDCI3) 5 1.14 (2H, m), 1.45,(9H, s), 1.70 (3H, 
m)„ 2.63 (2H, .s), .3:31 (2H, b), 4.08 (2H, b), 6.58 (lH^t): 7.00 (IH, m),. 
7.22 (2H, m), 7.40 (lH-, m):" ■ '-v > 



15 




3-(3-Carboethoxypropyloxy)-N-[N'-Boc-4(piperidinyhnethyl)]- 
benzamide (6-4V ' ' \.. ' ' . 

2° A solution of 6::! (1.0 g, 2.99 ttimoles) in DMF (15 ml) 

was treated with NaH (0. 1 2 g,'2.99 moles) and, after 1,0 minutes 
stirring, the clear brovm solution was treated with ethyl 4- 
bromobutyrate (3.3 mrrioles). After 2 hours stirring at room 
temperature the solvent was removed and the residue was taken up in 

25 EtOAc, washed with H2O, 10% KHS04 solution and brine. This was 
dried (MgS04), the solvent removed and the resulting residue purified 
by flash chromatography on sihca gel eluting with 2% MeOH/CHCl3 to 
give pure 6^4. Rf 0:6 (silica, 5% MeG)H/CHCl3). 
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3-r3-Carboxvpropvloxy)-N-(4-piperidinvlmethvl')carboxamide (6-5^ 
A solution of 6:4 (0.49 g, 1.09 mmoles) in 15 ml of 

THF/MeOH/H20 (1:1:1) was treated with LiOH«H20 (0.23 g, 5.45 
^ mmoles) as described for 1-3 to give the desired acid. Rf 0.7 (silica, 

97:3:1 CHCl3/MeOH/HOAc). 

This acid was treated with HCl gas in EtOAc as described 

for 34 to give pure 6^, Rf 0.34, sihca (CHCI3, CH3OH, HO Ac, • 

97/3/1). 

^° IH NMR (300 MHz, CD3OD) 6 1:50 (2H, m), 1.99 (2H, bd), 2.08 (2H, 
m), 2.50 (2H, t), 2.98 (2H, bt), 3.31 (2H, m), 3.41 (2H, bd), 4.06 (2H, 
t), 7.10 (IH, m), 7.58 (3H, m). 



15 



25 



30 



SCHEME 7 



2. 1:6 

20 2ii 3. H2N 



CO2CH3 
CHgPh 




BocN^~^ (CH2)2NC j^^^/^COsCHs 



2i2 



CHgPh 



N-[2-(N'-Boc-4-piperidinylethyl)]-N"-3-[methyl 2-benzyl-propionate]- 
1 .3-benzenedicarboxamide (7-2) 



94/12181 PCT/US93/11623 

\ S . ■ \ . .... . ; . 



. . ^ ^ . _ . ... ^ ,. ..... ... 

Treatment of Izi with CDI, and methyl 2-benzyl-3- 
ammbpronionate (7- i ). (Phvtochemistrv 1988, 27, 711-14) as described 
for M gave 2-2. Rf 034 (silica^ 

IH NMR (300 MHz, CHCI3) 6,1.0 (2H, m) 1.5 (9H, s), 2.6 (3H, m), 
1.65 (2H, d), 2.6 .(2H, f), 2.8 ,(1H, dd),. 2.95.3.05 (2H, m) 3.40 (2H, m), 
3.61 (3H, s), 3,40-3.65 (2H, m), 4.0 (2H,:d), 6:75'(1H, tj, 7.05 ;(1H, t), 
7.10-7.30 (6Hv m), 7.41 (IH, t), 7.78 (1H, d), 7.90 (lH,.d), 8.l2 (IH, 




N-2-(4-Piperidinylethy:l)-N'-3-(2-benzylpropioriic acid)- 1 ,3-benzenedi- 
carboxamide V7-3V ^ . 

7::2 was hydrolyzed with LiOH-H20 and then deprotected 
with HCl gas in EtOAc as described for 3:4 to provide pure 7;3. Rf 
0.22 (silica, EtOH/H20/MeOH 9:1 :1). 

iH NMR (300 MHz, D2Q + DCl) 6 1.2 (2H, m), 1.6-1.8 (3H, m), 2.0 
(2.h: d), 2.95 (4H, m), 3.20 (IH, m), 3.40 (4H, m), 3.60 (2H, m), 7.25 
(5H, m),^7.60(lH, t), 7.83 (IH, d), 7.88 (1H; d), 7.94 (IH, s). 
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8-1 



1. n-BuLi 



2. 




O 



HOgC 




(CHsJgCHaOH 



HOBt, EDC 



CBZN 




CBZN CH2NH2 

o 

II 

CHgNHC 
8-4 . 




(CH2)3CH20H 



25 
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8-2 



S-CS-Hvd roxvpentanovDbenzoic acid (8-2^ 
25 A solution of 3-bromobenzoic acid (Aldrich) (10.05 g, 0.05 

moles) (8-1) in THF (250 ml) at -78° was treated with n-BuLi (0.1 ' 
moles) and. the resulting solution was stirred at -78° for 1 hour. To this 
was added a solution of 8-valerolactone (Aldrich) (5.0 g, 0 05 moles) in 
THF (10 ml) at -78° and this was stirred at -78° for 3 hours and then 
30 allowed to gradually warm to room temperature overnight. The 

reaction was quenched with enough 10% KHSO4 solution to provide a 
pH 2-3 and then extracted with EtOAc. The organic extract was washed 
with brine, dried (Na2S04) and the solvent was removed. The resulting 
residue was purified by flash chromatography on silica gel eluting with 
CHCl3/MeOH/HOAc 95:5:1 to give pure Rf 0.3 (silica). 
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IH NMR (300 MHz, CD3OD) 5 1.65 (2H, m), 1.80 (2H, m), 3.10 (2H, 
t), 3.6 (2H, t), 7.61 (IH, t), 8.18 (2H, t), 8.50 (IH, m). 



CHpNH- 

"(CH2)3CH20H 





3-(5-Hydroxypentanoyl)-N-(N'-CBZ-4-piperidinylmethyl)benzene- 

carboxamide 8-4V • , 

A solution of 8^ (0.44 g, 2 mmoles) in DMF (25. ml) was 
treated with N-(CBZ-4-piperidinyl)methyl amine (0.53 g, 2 mmoles) 
15 (8-3 y HOBT (0.3 g, 2.2 mmoles) EDC (0.44 g, 2.3 mmoles) followed 
by NMM (0.4 g, 4 mmoles) and the resulting solution was stirred for 16 
hours. The solvent was removed and the residue was taken up in H2O 
and extracted with EtOAc. The organic extract was washed with 10% 
KHSO4 solution, brine, saturated NaHC03 solution, biine and dried 
20 (Na2S04). Solvent removal gave a residue that was purified by flash 
chromatography on silica gel eluting with CHCl3(97)/MeOH(3) to give 
pureM. Rf 0.35 (silica, CHCl3(95)/MeOH(5). 



CH CI 

25 HN CH2NH2+CBZ-CI ^— ^ 



■ 30 




N-CBZ-C4-Aininomethvl')piperidine 

A solution of 4-(aminomethyl)piperidine (Aldrich) (5.0 g, 
0.0438 mol) in CH2CI2 (100 ml) was cooled to -78° and treated with 
CBZ-Cl (Aldrich) (0.022 mol) dropwise. The reaction mixture was 
stirred at -78° for 0.5 hours and then allowed to Warm to 0° over 1 
hour. The reaction mixture was filtered and the solution concentrated 
to give a residue that was purified by flash chromatography on silica gel 
eluting with 5% MeOH/CHCl, -1-1'% Et3N to give pure product. 
IH NMR (300 MH3, CDCI3) 5 1.1 (2H, m), 1.4 (3H, m), 1.7 (2H, bd), 
2.57 (2H; d), 2.75 (2H, bt), 4.2 (2H, bs), 5.1 1 (2H, s), 7.2-7.4 (5H, m). 



CBZN 




8-5 



3-(4-Carboxybutanoyl)-N-(N'GBZ-4-piperidinylmethyl)benzene- 
carboxamide r8-5) . 

An acetone solution (15 ml) of 8:3 was treated with Jones 
reagent at -10° and the resulting orange-brown solution was stirred for 
1 hour. The reaction mixture was diluted with H2O and extracted with 
EtOAc. The organic extract was dried (Na2S04), concentrated, and the 
resulting residue purified by flash chromatography on silica gel eluting 
with CHCI3 (95)/MeOH(5)/HPAc(l), Rf 0.3. 
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3-(5-CarboxypentanoyI)-N-(4-piperidinylrnethyl)-benzenecarboxamide 

rR-6) • • 

A solution of 8^5 (0.19 g) in MeOH (20 ml) was treated 
with 150 mg 10% Pd/C and this suspension was hydrogenated for 16 
hours under balloon pressure. After the catalyst was removed by 
filtration, the solvent was removed and the residue purified by flash 
chromatography on silica gel e luting with EtOH(10)/conc. 
NH40H(1)/H20(1) to give pure M: 

1 H NMR (300 MHz, CD3OD) 5 1 .56 (4H, m), 1 .82 (2H, m), 1 .93 (3H, 
^° m), 2.20 (2H, m), 2.93 (2H, t), 3.40 (4H, m), 4.71 (IH, m), 7.45 (IH, 
t), 7,55 (IH, d), 7.70 (IH, d), 7.95 (IH, s). 



15 




20 3-(5-Carboxypentanoyl)-N-(4-piperidinylmethyl)benzenecarboxamide 

(8-7) ^ 

This compound was prepared as described for 8-6 . wherein 
E-caprolactam (Aldrich) is used in the inital step, to provide 8-7 as a 
white solid. 

25 IH NMR (300 MHz, ,CD30D) 5 1.40-1.60 (2H, m), 1.60-1.85 (4H, m), 
1.90-2.10 (3H, m), 2.35 (2H, t), 3.00 (2H, dt), 3.12 (2H, t), 3.33-3.5 
(4H, m), 7.61 (IH, t), 8.06 (IH, d), 8.17 (IH, d), 8.43 (IH, s). 



30 



wo 94/12181 PCt/US93/11623 



■ - 74 '- 
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BOCN 




DMF 



CS2CO3 



1-4 ) 



10 



15 



20 



25 



BOCN >7y.(CR2)20 



\ 



BOCN 




CO2CN3. 



2z2 



1. LipH'HgO 



2..H2N" 



• H 
9-3 



.COgCHg' 
-NHSO2C4H9 




CO2CH3 ^ . 
NHSO2C4H9 



1. NaOH 

2. GF3CO2H 




CO2H 

NHSO2C4H9 . 
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^ . . -75- 

• BocN^^~~^(CH2)20 (^^>_C02CH3 

9-2 

Methvl 4vr2-('N-BOC-4-PiDeridinvnethvloxv1henzoate (9-2) 

A solution of methyl 4-hydrpxybenzoate (Aldrich) (0.4 g, 
2.6 ramoles) 9J. in DMF (10 ml) was treated with 2-(N-Boc-4- 
piperidinyl)ethyl iodide 1:4 (0.6 g, 1.77 mmoles) and CS2C63 (1.15 g, 
3.5 mmoles) with stirrring at room temperature for 48 hours. The 
reaction mixture was diluted with EtOAc, washed with H2O, samrated 
NaHC03, 10% KHSO4, brine dried (MgS04) and concentrated. The 
residue was purified by flash chromatography on silica gel eluting with 
20% EtOAc/hexaries to give pure 2z2. Rf 0;3. 
IH NMR (300 MHz, CDC13) 8 1.36 (2H, m), 1.45 (9H, s), 2.44 (5H, 
m), 2.70 (2H, t), 3.88 93H, s), 6.88 (2H, d), 7:96 (2H, d). 



BOGN^ . y— {0^2)20 
■9 9i4'. 

4.[2-(N-BOC-piperidin-4-yl)ethyloxy]benzoyl-2(S)-n- 

butvlsulfonvlamino-p-alanine methvl ester (9-4^ . 

A solution of 9^2 (0.4 g, 1.14 nunoles) in H20(3 
' ml)/THF(4 ml) was treated with LiOH (2 mmoles) ^d the resulting 
solution stirred ovemight at room temperature. The reaction mixture 
was acidified with 5% KHSO4 extracted with EtOAc and the organic 
phase was washed with brine, dried (MgS04) and concentrated to giye 
the desired acid. Rf 0.5 (silica, CHCl3(10)/MeOH(6.25)/AcOH(0.25). 

'This acid (0.1 g, 0.3T mmoles) was dissolved in CH3CN (2 
ml) and treated with methyl 3-amino-2(S)-n-butylsulfonylamino 
propionate (9z3) (0.1 g, 0.37 mmoles), BOP (0.246 g, 0.55 mmoles) 
and NMM (0.15 g, 1.48 mmoles) and the resulting mixture was stirred 
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overnight. Then, the reaction mixture was diluted with EtOAc, washed 
with H20, saturated NaHCOs, 10% KHSb4, brine, dried (MgS64) and 
conGentrated. The residue was purified by flash chromatography on 
silica gel eluting with 60% EtOAc/hexanes to give-pure 9:4. Rf 0.4 
(silica,. 60% EtOAc/hexanes). • 

.,1H NMR (300 MHz, CDC13) 6 0:92 (3H, s), 1.20 (2H, m), 1.45 (9H, -s); 
i.67 (4H,- m), 2.76 (2H, bt), 3.04 (2H,'t},"3.80 (5H, in), 4.10 (4H, m>, 
4.31 (lH, m), 6.92 (2H, d), 7.79 (2H, d). ^ 



CO2H 
= ^NHS02C4H9 




4-[2K4-Piperidinyl)ethy.loxy]-N-[3-(2(S)-n-butylsulfonylamino)- " 
propionatelbenzamide (9-5V 

A solution of (9-4) (0.2 g, 037 mmoles) in EtOH (2 ml) 
was treated with NaOH (0.5 mmoles) and the resulting solution was 
stirred for 1 hour at room temperature. The reaction mixture was then 
! acidified .to pH 2^ with 10% KHSO4 solution arid extracted with 
EtOAc. The organic extract was washed with brine, dried (MgS04) 
and concentrated to give the desired acid. Rf 0.25 (silica, 
CHCl3(I0)/MeOH(0.5)/AcOH(0.5). 

This acid (0.18 g, 0.34 mmoles) was. dissolved in CH2CI2 
(2 ml) and treated at room temperamre with CF3CO2H (2 ml) for 1 ' 
hour. The solvpnts were removed and the residue was purified by flash - 
chromatography on silica gel eluting with EtOH(I0/H2O(l)/NH4OH(I) 
to give pure 9-5. Rf 0.5. , 

IH NMR (300 MHz, D2O) § 0.68 (3H. s), 1.18 (2H, m), 1.40 (2H, m), 
1.59 (2H, m), 1.73 (2H, m), 1.80 (2H, m), 1.94 (2H, bd), 2.92 (2H, dt), 
3.06 (2H, t), 3.37 (2H, bd), 3.54 (IH, m), 3.81 (IH, dd), 4.12 (2H, t), 
4.31 (IH, m), 7.02 (2H, d), 7.75 ;(2H, d). 
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Preparation of Methyl 3-amino-2(S)-n-butylsulfonylaminopropionate 

r9-3). . 



CO2H , MeOH 



SOCI 



CO2CH3 



^ NHs'HCI 

2ia 



10 



CH2CI2, TEA 
.0.9 eq BOC2O 



BOCNH 



CO2CH3 



H 



NH2 
2ia 



CISO2BU 
py. CH3CN 



1-5 



20' 



25 



30 



y NHSO2BU quant: 



9-10 



^^^/^C02CH3 

• . ^ NHSO2BU 
HCI 

9-3 



Methvl 2rS}. 3-Diamiriopropanoate (9-?,') 

' Methanol (400jnL) was cooled to 0°C and thionyl chloride 
(217 mL, 3.0 moles, 20 eq) was added dropwise under argon. After 
addition was completed, the solution was warmed to room temperature 
for 20 minutes. 2(S), 3-Diaminopropanoic acid (Schweizerhall) (20 g, 
0.243 mole) was crushed to a fine powder and added to the solution. 
The reaction was heated to reflux for 48 hours, at which time TLC 
showed a small amount of starting material remaining. An additional 
portion of methanol (100 mL) and thionyl chloride (72 mL) was 
prepared as before and added to the reaction at room temperature; the 
reaction was then stirred ovemight at room temperature. The reaction 
was worked'' up by removal of solvent at 40°C in vacuo , to provide 9-8 . 
Rf 0.72 (9:1:1 EtOH/H20/NH40H). 

IH NMR (400 MHz, D2O) S 4.55 (dd, J=5.4, 8.2 Hz, IH), 3.92 (s, 3H), 
3.64 (dd, J=8.2, 13.8 Hz, IH), 3.55 (dd, J=5.4, 13.8 Hz, IH). 



wo 94/12181 PCT/US93/11623 



- 78 



Methyl 2rS)-3IN-t-Butyl6xvcarbonvDdiaminopropanoate (9-9) 

. 9-8 (6.0 g,-3L5 mmoles) was crushed to a fine powden 
suspended in IL of CH2CI2 and cooled to -78°C under argon. 
^ . Triethyiamine (17.5 mL, 0.126 moles, 4 eq) was added dropwise; the 
V solution gradually became homogenous. Di-t-butyldiearbonate (6.18 

2.83 nimoles, 0.9 eq) was dissolved in 50 mL (i;H2Gl2 and added 
drop wide to the solutipn. After the addition ^^w^ 
/ \ reaction was placed in an ice bath and stin*ed for ^^^^.^^^^ The 
"^^ reaction was transferred to a separatory funnel and extracted with 3 x 
' 50 mL of 10% KHSO4 sol^^^ The aqueous layer was washed with 3 
X 10 mL of CH2CI2, then basified with satiirated NaHCOs and 3N 
: ; - NaOH solution t0-pH4O=and=extracted wid^^^ of GH2Cl2^ - > 

The organic layer was dried with Na2S04, filtered and evaporated to 
give 4.9 g of a pale yellow oil. Collunn chromatography in 2.5% 
: ; MeOH/EtOAc gave 9-9 as an oil. Rf 0.39 (5% MeOH/EtOAc). : 
IH NMR (400 MHz, GDCI3) 5 5.0 (bs, IH), 3.72 (s, 3H), 3.56 (t, J=5.7 
Hz, i H), 3;46 (m, IH), 3.23 (m, IH), L55 (bs, 2H), 1 .42 (s, 9H). . 

20 ■ 

Methyl 2(S)-(N^Butylsulfonylammo)-3-(N-t-butyloxycarbpn^ 

diaminopropionic (9-10) .. " , . ■'. ' . ' - 

9-9 was dissolved in acetonitrile (100 mLY and three 
portions of n-butylsulfonly chloride (1 .62 mL, 12.5 mmoles), and 
pyridine ( 1 .0 mL, 1 2.5 mmoles) were added over a period of three 
hours . The reaction was allowed to stir oy emight, concentrated to 1 /4 
its original volume, then diluted with 100 mL EtOAc and washed, with. 
10% KHSO4 (5 X 20 niL), dried with brine and MgS04, filtered and ' 
evaporated. Column chromatography in 20%-40% EtOAc/hexanes gave 
9J^ as an oil. Rf 0.6 (5% MebH/CHC13). 

IH NMR (400 MHz, CDGI3) 6 5.48 O^d, IH), 4,9 (bs, .2H), 4.22 (m, 
IH), 3.8 (s, 3H), 3.53 (m, 2H), 3.02 (m, 2H), 1.80 (m, 2H), 1.46 (m, 
2H), 1.43 (s, 9H), 0.94 (t, J=7.4 Hz,^3H). 



25 



30. 
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2(S)-(N-Butylsulfonylamino)-3-aminopropionic acid methyl ester 

hydrochloride (9-3) ■ ■ ■ ' ' 

9-10 (2.0 g, 5.9 mmoles) was dissolved in 30 mL of EtOAc 
and cooled to -40°C. HCl gas was bubbled through the solution until it 
was saturated, then the reaction was waitned to P°C and stirred for 1 
hour. The excess HCl was removed under vaccum at room temperature 
and the reaction was concentrated at 35°C to give 9^3. Rf 0.6 (9:1 
EtOH/H2Q). 

IH NMR (400 MHz, CDCI3) 5 .1 (bs, 2H), 7.2 (m, IH), 4.65, (m, IH), 
3.82 (s, 3H),..3.65 (m, IH), 3.54 (m, IH), 3.20 (bs, 2H),'1.8 (m, 2H), , 
1.45 (m, 2H), 0.95 (t, J=7.3 Hz). • 



15 



20 



Preparation of Methyl 2(S)-Phenylsulfonylamino-3-aminopropionate 
hydrochloride (9-12) 



BOCNH 



9-9 



H 



P>^S02CI 
: . , GH3CN, py 



BOCNH 



GO2CH3 



H NHSOgPh 



9-11 



25 



30 



HGI'HaN 



GO2GH3 



H NHSOgPh 



9-12 



10 



15 



25 



80- . 

C02CH3 



BOCNH' 

H "NHSbsPh 

9-1 1 



2(Sj-(Phenylsulfonylamino)-3-(N-t-butyloxycarbonylamino)propiomc 
acid methyl ester (9-11) : 

Utilizing the procedure for convertmg 9-9 to 9-10 , 9-9 
(700 mg, 3.1. mmol) gave 9-1 r (900 mg) as a White solid after flash 
chromatography (silica, 30% EtOAc/hexanes). ' 
>H NMR (400 MHz, CPC:i3) 5 7.85 (m, 2H); 7.60-7.50 (m, 3H), 5.67 
(m, IH), 4,00(m, IH), 3.56 (s, 3H), 3.47 (m,iH), l:.45 (s, 9H). 



H ; NHSOsPh " 

■ . _ ■ - - 9-12 : : V. . '- . . . • , 

Methyl 2(S)-(Phenylsulfonylamino)-3-aminopropionate Hydro- 
^° chloride (9-1 2V • ■ ^ 



Utilizing the procedure for converting 9-10 to 9-3 , 9-1 1 
(900 mg) gave 9-12 (800 mg) as a white solid. . 
I H NMR (400 MHz, CD3OD) 6 7'88 (m, 2H), 7.65 (m, IH), 7.60 (m, 
lH), 4.25(m, IH), 3.42 (s; 3H), . 3.35 (m, IH)," 3.10 (^ . 



HCI'HoN 



CP2CH3 



H NHSO2— f ■ V 
30 ■ . • 9-13 

Methyl 2(S)-(3-Pyridylsulfonylamino)^3-aminopropionate 
hydrochloride (9-13) ; 

Compound 9-13 was prepared in a manner similar to that 
used for 9-12 . utilizing 3-chlorosulfonylpyridine (Synthesis, 1983, p. 
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822). Rf 0.34 (9:1:1 Et0H/H2O/NH4OH) 5 9.3 (s, IH), 9.0 (dd, J = 1.5 
Hz, IH), 8.9 (d, J = 9Hz, IH), 8.2 (dd, J = 5, 9Hz, IH), 4.6 (dd, J = 5, 
9Hz, IH), 3.6 (s, 3H), 3.5 (dd, J = 5, 13Hz, IH), 3.3 (dd, J = 9, 13 Hz, 
IH). . . 
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SCHEME 10 



Bi- 



Br . 



10 



15 



20 



1) n-BuLi, THF 



BOCN 



2) BOCN >=0 




10-2 



CO2CH3,. 



He 



\ OH 



— BOC-^N 
10%Pd/C • \ 

CH3OH , 




PhaP, Pd(OAc)2, 

EtgN, 100°' 



C.O2C.H3 



10-4 



BOCN )^-<(3)/~(^'^2)2C02CH 
10-5 
OH 



1. NadH, CH3OH • 
^ : 2. Hbl 'H2N^^^°2t-Bu 

EDC, HOBt, DMF. 



. O 
II 



BbC-N^^^^^n^-CCHjNH-^ 



25 



10-6 



TFA, EtgSiH 

CH2CI2 




10-7 



30 



. o 

II 

(CH2)2CNH' 



O 
II 



'2H + 



/— \0/ (<^'^2)2CNH 



,H 



10-8 
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4-(N-BQC-4-HvdroxvDiperidm-4-vnbromobenzene ( 1 0-3) 

A solution of 1 ,4-dibromobenzene (7.10 g, 30.1 mmoles) in 
THF (50 ml) at -78° was treated with n-BuLi (18.7 ml, 30 mmoles, 1.6 
M/hexane) and after 1.0 hour stirring at -78°, N-BOC-4-piperidone 
(10-2) (2.0 g, 10.04 mmoles) in THF (2 ml) was added. After - 1 hour 
the cooling both was removed and the reaction mixture was stirred for 
2 hours. The reaction mixture was then diluted with EtOAc, washed 
with water, 10% KHSO4, brine, dried. (MgS04) and concentrated. The 
residue was purified by flash chromatography on silica gel eluting with 
20% EtOAc/hexanes to give pure iOz3 , Rf 0. 1 5 (silica, 20% 
EtOAc/hexanes). 

IH NMR (300 MHz, CDCI3) 5 1.45 (9H, s), 1.67 (2H, bs), 1.90 (2H, 
m), 3.16 (2H, dt), 3.97 (2H, bd), 7.30 (2H, d), 7.43 (2H, d). 



CO2CH3 




10-4 



Methyl 3-r4-(N-BOC^4-Hvdroxvpiperidin-4-vl)phenvl1acrvlate riO-4) 

A solution of 10-3 (0.5 g, 1.4 mmoles), methyl acylate (1.2 
g, 14 mmoles), Pd(OAc)2 (0.03 Ig, 0.24 mmoles) Et3N (0.56 g, 5.6 
mmoles) and ,Ph3P (0.17 g, 0.56 mmoles) in CH3CN(40 ml) was heated 
at 100° in a sealed tube for 24 hours. . 

The cooled reaction mixture was diluted with EtOAc, 
washed with H2O, 10% KHSO4, brine, dried (MgS04) and 
concentrated. The residue was purified by flash chromatography on 
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silica gel eluting with 25% EtOAc/hexanes to give pure 10-4 . Rf 0.55 
(silica, 50% EtOAc/hexanes)., 



OH/r 



BOCN 




(CH2)2C02CH3 



10-5 



10 



15 



Methyl 3-[4-(N-BOC-4-Hydrdxypiperidin-4ryl)phenyl]propionate 

no-5^ 



20 



A solution of 10-4 (0.42 g, 1 . 1 6 inmoles) in MeOH (6 ml) 
was treated with 0. 17 g 10% Pd/C and .this, was hydrogenated under 1 
atni. of H2 pressure for 48 hours. Solvent removal and purification by 
flash chromatography oh silica, gel eluting with 50% EtOAc/hexanes 
gave pure 10-5. Rf 0.55 (silica, 50% EtOAc/hexanes). 
IH NMR (300 MHz, CDCI3) 5 1.45 (9H, s), 1.62 (2H, m), 1.72 (2H, 
bd), 1.97 (2H, m), 2.64 (2H, t), 2.95 (2H, t), 3.24- (2H, by), 4.03 (2H, - 
m), 7.21 (2H, d), 7.40 (2H,d). " 



25 



BOC-N 




O 
II 

(CH2)2CNH' 



?t-Bu 



10-6 



4-(N-BOC-4-Hydroxypiperidin-4-yl)phenyl-3-propiony 1-p-alanine t- 
butvl ester nO-6) ' 

A solution of i0r5 (0.4 g, 1.1 mnioles) m GH30H(6 ml) 
. was treated at room temperature with IN NaOH (4.4 ml) and the 
• resulting solution was stirred for 1 hour. The solvent was removed, the 
residue acidfied with 10% KHSO4 and extracted with EtOAc: The 
organic extract was dried (MgS04) and concentrated to give the desired 
acid (lQz9) as a white solid. Rf 0.75 (silica, CH2Cl2(10/AcOH(0.51/ 
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MeOH(0.50). 

A solution of this acid (0.275 g, 0.79 mmoles) in DMF (5 • 
ml) at -15° was treated with p-alaniiie hydrochloride t-butyl ester (0.16 
g, 0.94 mmoles), HOBT,(0.12 g, 0.94 mmoles), DIPEA (0.6 ml, 3.1 
mmoles) followed by EDC (0.18 g, 0.94 mmoles). The cooling bath 
was then removed and the reaction mixture stirred at ambient 
temperature for 1 8 hours. The reaction mixture was diluted with 
EtOAc (50 ml), washed with H2O, saturated NaHC03, 10% KHSO4, 
brine, dried (MgS04) and concentrated. The residue was purified by 
flash chromatography on silica gel eluting with 80% EtOAc/hexanes to 
give pure lO^. Rf 0.25 (sihca, 80% EtOAc/hexanes). 
IH NMR (300 MHz, CDCI3) 6 1.45 (9H, s). 1.50 (9H, s), 1.75 (2H, bd), 
2.00 (2H, m), 2.38 (2H, t), 2.46 (2H, t), 2.96 (2H, t), 3.26 (2H, t), 3.46 
(2H, q), 4.04 (2H, bd), 7.22 (2H, d), 7.40 (2H, d). 




4-(Piperidin-4-yl)pheny l-3-propionyl-|3-alanine ( 1 0-7) 4-( 1 ,2.5 ,6-Tetra- 

hvdropvridin-4-vnDhenvl-3-propinnvl-p-alanine (10-8^ 

A solution of 10-6 (0.225 g, 0.47 mmoles) in CH2CI2 (5 
ml) was treated with Et3SiH (0.33 g, 4.2 mmoles) at ambient 
temperature, and die resulting solution was stirred for 18 hours. The 
solvent was removed and the residue was purified by flash 
chromatgraphy oh silica gel eluting with EtOH(10)/H2O(l)/NH4OH(l) 
to give two components: 10-8 had Rf 0.25 under these conditions: 
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. IH NMR (300 MHz, D20) 5 2.48 (2H^t), 2.87 (2H^ 
3.25 (2H, t), 3.56 (2H, t), 3.72 (2H, t), 4.20 (2^ bs), 6.49 (IH, m), 
• 7.59 (2H, d), 7.78 (2H, d). ' . - 

JjQbl had.Rf 0.2 (silic^^ 
; IH NMR (300 MHz, D2O) d 1.87 (2H, m), 2.10 (4H. m), 2.50 (2Hv t), , 

" 2.88 (2H, ;t), 3.12 (2h, dt), 3.20 (2H, t), 3.5 "(2H, m), 7.41 (2H,: d), 7.48 

. r . 'm-d).-;':'- ; ' v , ■ ;' ■ ^ ; " : . - :. ^ 



15' , 




25 



30 
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BOCN 




(CH2)2C02H + 



10 



15 



20 



HCI 



NHCBZ 



H 

10-10 



ED.C, HOBt 
DIPEA, DMF. 
-15° 



10-11 



o 

■(CH2)2CNH: 
Hp 



H 



CO2CH3 
NHCBZ 



OH 



BOCN 




10% Pd/C 
MeOH 



O 
II 



{CH2)2CNH''^'^ 



CO2CH3 



hNH2 



10-12 



25 



30 
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10-12 



CISO2C4H9 • . 
CH2CI2, EtgN 

-1.5°. . . • . , . 



10 



15 




BOCN^. /^((^ 
10-13 





1. 




2. 







o 



C02CH3 

fl''NRS02C4H9 



'CO2H 



' \:=l/ NHSO2C4H9 
10-14 ■ ■ 



20 




30 
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MeOH 



89'- 



^ £ NHCBZ 
H 

HCI 

^ i^NHCBZ 

. H 

10-1 0 



Methyl 3-amino-2(S)-benzyloxycarbonylaminopropionate hydrochloride 
nO-10) 

3-Ammo-2(S)-benzyloxycarbonylaminopropionic acid 
(Fluka) (5.0 g, 21.0 mmoles) was suspended in MeOH and at -10° 
SOC12 (23.0 mmoles) was added. The reaction mixture was allowed to 
gradually warm to room temperature over 16 hours. The solvent was 
then removed and the resulting solid was triturated with Et20 to give 
10-10 . 

20 IH NMR (300 MHz, D2O) 5 3.32 (2H, m), 3.52 (2H, m), 3.70 (IH, m), 
3.80 (4H, m), 4.59 (IH, m), 5.18 (3H, s), 7.45 (5H, s). 



10-11 



p NHCBZ 



30 4-(N-BOC-4-Hydroxypiperidin-4-yl)phenyl-3-propionyl-[2(S)- 
benzvloxv carbonvlamihol-p-alanine methyl ester HO-in 

A solution of 10-9 (0.36 g, 1.3 mmoles) in DMF (5 ml) 
was treated with methyl 3-amino-2(S)-benzyloxycarbonylamino- 
propionate (10-10 ) (0.34 g, 1.56 mmoles), HOBT (0.16 g, 1.56 
mmoles), DIPEA (0.5 g, 4.12 mmoles) and after cooling to -15°, EDC 
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25 



30 
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(0.24 g, 1.24 mmoles) was added. The cooling both was then removed 
and the reaction mixture was stirred for 18 hours. The reaction 
mixture was diluted with EtO Ac (50 ml), washed with H2O, saturated 
NaHC03, 10% KHSb4, brine, dried (MgS04) and concentrated. Th^ 
residue was purified by flash chromatography on silica gel eluting with 
90% EtOAc/hexanes to;give pure 10-11 . Rf 0.35. ; ; 
1 H NMR (300 MHz, CDCI3) 5 1.47 (9H, s), 1.63 (2H,.m), 1 .94 (2H, 
m), 2.44 (2H, m), 2,91 (2H, t), 3.23 (2H, bt), 3.61 (2H, m), 3.73 i3H, 
. m); 4;00'(2H, bd), 4.29 (IH, m), 5,10 (2H, s), 7:16 (2H, m), 7.37 (7H,- 




4-(N-BOC-4-Hydroxypiperidin-4-yl)pHeriy.l-3-^^^^^ 

p-alanine methvl ester n0-I2V ^ ■ . ■ , r . V 

A solution of 10^1 1 /0.4 g, 0.7 mmbles) in MeOH (4 ml) 
was treated with 10% Pd/C (0.16 g) and then hydrogenated at 1 
atmosphere for 1 hour. The catalyst was removed and the reaction 
mixture was concentrated to give 10-12 as a white solid; Rf 0.35 (silca, 
20% CH30H/EtOAc). 



ok/' - ° 



BOCN 



□\ 11 ^^-s. -^GOpCHo 

- ■ , p NHSO2C4H9 

10-13 ' , 



4-(N-BOC-4-Hydroxypiperidin-4-yl)phenyl-3-propionyl-[2(S)-n- 
butvlsulf onvlaminol-P-alanine methvl ester Y10-13V 
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• A solution of 10-12 (0.3 g, 0.7 mmoles ) in CH2CI2 (5 ml) 

was treated at 0°C with Et3N (0. 1 4 g, 1 .4 mmoles) followed by n- 
butylsulfonyl chloride (0.22 g, 1 A mmoles) and the resulting mixture 
was stirred for 1.0 hours. The reaction mixture was then diluted with 
^ EtOAc, washed with H2O, saturated NaHCOs, 10% KHSO4, brine dried 
(MgS04) and.cpncentrated. The residue was purified by flash 
chromatography on sihca gel eluting with 60% EtOAc/hexanes to give 
pure i0jL3, Rf 0.2 (silica, 60% EtOAc/hexanes). 

1 H NMR (300 MHz, CDCI3), 6 0.95 (3H, t), 1 .48 (9H, s), 1 .59 (3H, m), 
^° 1.73 (2H, m), 1.95 (2H, m), 2.50 (2H, t), 2.94 (2H, m), 3.24 (2H. dt), 
3.57 (2H, m), 3.79 (3H, s), 4.02 (2H, m), 7.22 (2H,.d), 7.43 (2H, d). 



H NHS02C4Hg 

10-14 



20 ^-(1 '2.5,6-Tetrahydropyridin-4-yl)phenyl-3-propionyl-[2(S)-n-butyl- 
sulfonvlaminol-p-alanine HO- 14) 

A solution of lOJ^ (0.2 g, 0.36 mmoles) in CH3 OH (2 ml) 
was treated with LiOH (1,6 mmoles) at room temperamre with stirring . 
for 4 hours. The solvent was removed, the residue acidified \yith 10% 
25 KHSO4 and this was extracted with EtOAc. The organic extract was 
washed with brine, dried (MgS04), and concentrated to give the desired 
acid. Rf 0.25 (silica, CH2Cl2(10)/MeGH(0.5)/AcOH(0.5)). 

This acid (0.18 g, 0.33 mmoles) was dissolved in CH2CI2 
(2 ml) and treated with CF3GO2H (2 ml) at room temperature with 
3Q stirring for 1 hour. The solvent was removed and the residue was 
purified by flash chromatography on silica gel eluting with 
EtOH(10)/NH4OH(l)/H2O(l) to give pure lOzH. 
IH NMR (300 MHz, D2O) 5 0.75 (3H, t), 1.26 (2H, m), 1.54 (2H, m), 
2.45 (2H, m), 2.64 (2H, bs), 2.78 (2H, m), 2.92 (2H, m), 3.35 (4H, m), 
3.70 (2H, m), 3.91 (IH, m), 6.00 (IH, m), 7.12 (2H, d), 7.30 (2H, d). 




.4r(Piperidm-4-yI)phenyl-3-propionyI^ 
alanine nO-15V ' ' 

A solution of 10^ (0.05 g, 0.4 14 nimoles)^ 
(1 ml) was treated with 10% Pd/C (25 mg) and then hydrogenated for Z 
hours at 1 atom H2. The catalyst was then removed by filtration ' The 
solution concentrated to give pure 10dL5/Rf 03 (silic^^ 

/ ^HN]Vm(3OONfflzvCD3OD)6O.86 0^^ 

m), 1.80 (2H, m), 1.96 (2H, bd); 2^40 (2H, .m^^^^^^ 
, m)_,.3.02 (2H, dt), 3.40X2H,-bd), 3.52 (2H, m), 4.06'(lH/mX ^ 



25 
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SCHEME 1 1 (CONT'D) 



. BOCN 




11-7- 



HCI • H2N' 



ptBu 



CO2H 



EDC, HOBt, DMF, 
N(iPr)2Et, -15°C > 



10 



BOCN 




15 ' 



TFA, CH2CI2 



20 



.t-Bu 




25 



30 
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+ Br" 

11-2 



3-Bromobenzvltriphenvlphosphonium bromide (11-2) 

A stirred mixture of 3-bromobenzyl bromide (Aldrich) 
(5.1 g, 20.5 mmoles), triphenylphosphine (54 g, 0.20 moles), and 
CH3CN (100 mL) was refiuXed for 20 hours. The cooled reaction 
mixture was then concentrated and the residue trimrated with hexanes 
(lOx) to remove excess triphenylphosphine. The remaining white solid 
was collected by filtration and then dried in vacuo to give 11-2 as a 
white solid. 

IH NMR (300 MHz, CDCI3) 6 7.90-7.60 (m, 15H), 7.28 (m, 2H), 7.06 
(t, J=8 Hz, IH), 6.97 (m, IH), 5.60 (d, J= 15Hz, 2H). 



BOCN 




3-[(N-Boc-(l,2,3,5,6-pentahydropyridin-4-ylmethylene)-bromobenzene 
(11-4) . ' 

To a stirred solution of 1 1-2 (5.1 g, 10.0 mmoles) in THF 
(50 mL) at 0°C was added NaN(TMS)2 (13.0 mL), 13.0 mmoles, 
IM/hexanes) dropwise. After 15 minutes the orange mixture was 
treated with 11-3 (2:0 g, 10.0 mmoles) in THF(10 mL), followed by 
removal of the cooling bath. After 20 hours the reaction mixture was 
diluted with EtOAc and then washed with H2O, saturated NaHC03, 5% 
KHSO4, and brine, dried (MgS04) and concentrated. Flash 
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chromatography (silica, 5% EtOAc/hexanes) gave: 1 1 -4 . as a colorless 
oil. ' Rf 0.49 (silica, 5% EtOAci/hexahes). 

IH NMR (300 MHz, CDCI3) 6 7.40-7.10 (m, 4H), 6.29 (s, IH), 3.'56; 
(m, 2H),"3.40 (m, 2_H), 2.42 (m, 2H), 2.32 .(rri, 2H), 1.47 (s, 9U). ■ 



10 



BOCN 




11-5 



CO2GH3 



15 



20 



25 



Metliyl 3-[3-(N-BaC:J 

phenvllacrvlate ril -5V ' . ' > ;" ' - -; ■ ■ ■ , ■. -, ^ ■ 

A mixture of 11:4 (400 mg, 1.1 mmdles), methyl acrylate 
(1.0 g, l.O.mL, 10.0 mmoles), Pd(0Ac)2 (26 mg, OJl mmoles), NEt3 
(0.16 mL, l.l mmol), tri-o-toluyl-phosphine (0.14 g, 0.45 mmoles), • 
and CH3CN (6 mL) was heated at 100°C in sealed tube. After 24 hour 
the cooled reaction mixture was diluted with EtOAc and then washed 
H2O, saturated NaHC03, 5% KHSO4, and brine, dried (MgS04), and 
concentrated. Flash chromatography (silica, 5% EtOAc/hexanes) gave 
11-5 as yellow solid. Rf= 0.30 (silica, 5% EtOAc/hexanes). ' 
IH NMR (300 MHz, CDCI3) 57.70 (d, J=17 Hz, IH), 7.40-7.20 (m, 
4H), 6.42. (d, J=17 Hz, IH), 6.37, (s, IH), 3.53 (m,' 2H), 3.38 (m, 2H),' 
2.43 (m, 2H), 2.35 (m, 2H), 1.48,(s, 9H). ' . 



30 



BOCN 




CdgCHa 



Methvl 3-r3 -rN-BOC-PiDeridin-4-vlmethvnphenvnproDionate (l 1 -6\ 

A mixture of 11-5 GIO mg, 0.87 mmoies), 10% Pd/C (125 
mg), and CH3OH (6 mL) was stiired under hdyrogen atmosphere (1 
atm) at ambient teniperature. After 20 hours the reaction mixture was . 
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filtered through a celite pad and the filtrate concentrated to give 11-6 as 
a yellow oil. Rf 0.30 (silica, 10% EtOAc/hexanes). 
IH NMR (300 MHz, CDCI3) 5 7.21 (m, 2H), 7.02 (m, 2H), 4.10 (m, 
2H), 3.88 (s, 3H), 2.95 (m, 2H), 2.64 (m, 4H), 2.53 (d, J=7 Hz, 2H), 
1.65 (m,.2H), 1.47 (s, 9H), 1.15 (m, 2H). 



10 



BOCN 




11-7 



CO2H 



3-r3-('N-BOC-piperidin-4-vLmethvl)phenvl1propionic acid (11-7) 

A solution of 11-6 (290 mg, 0.80 mmoles), IN NaOH (3 
15 mL), and CH3OH (4 mL) was stirred at ambient temperature for 1 .0 

hour; The reaction was then acidified with 10% KHSO4 and extracted 

with EtOAc. The EtOAc portion was then washed with brine, dried 

(MgS04), and concentrated to give 1 1-7 as a yellow oil. Rf 0.58 (silica, . 

10:0.5:0.5 CH2CI2/CH3OH/HO Ac). 
20 IH NMR (300 MHz, CDCI3) 6 7.22 (m, 2H), 7.01 (m, _2H), 4.07 (m, 

2H), 2.94 (m, 2H), 2.68 (m, 2H), 2.65 (m, 2H), 2.52 (d, J=7 Hz, 2H), 

1.62 (m, 2H), 1.47 (s, 9H), 1.14 (m, 2H). 



25 



BOCN 




11-8 



COgt— Bu 



30 
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3-[3-G^-BOG-piperidin-4-ylmethyl)phenylipropionyl-P-alanine,-tert- 
butvl ester (1 1-8^ ' - 

To a stirred solution of 11:7 (275 mg/ 0 J9 nuTidles), 
HOBT (130 mg, 0.95 mmoles), N(i-Pr)2Et (0.55 mL, 3-2 mmoles). „ 
tert-butyl-{3-alanirie hydrochloride (160 mg, 0!95 mmoles), and DMF (4 
mL), at -15°C was added EDC (183 mg, 0.95 rnrnoles) followed 
removal of the cooling bath. After 20 hours the reaction mixture was 
diluted with EtOAc and then washed with H2O, saturated NatlCOs, 
10% KHSO4, and brine, dried (MgS04), and concentrated. Flash 
chromatography (silica, 50% EtOAc/hexanes) gave 1 1^8 as a colorless 
oil. Rf 0.21 (silica, 50% EtOAc/hexanes). 

IH NMR (300 MHz, CDCI3) 5 7:22 (m, 2H), 7.00 (m, 3H), 6.04 (m, 
IH), 4 -10 (m, 2H), 3:48 (m, 2H), 2.96 (m; 2H}, 2.66 (rn, 2H 2.5f"(m, 
2H), 2.43 (m, 2H), 1.63 (m, 2H), 1.48 (s, 18H), L16 (m, 2H). 



O 




3.-r3-(PiDeridin-4-vlm ethvnphenvnpropionvl-B-alanine (\ 1-9^ ■ 

A solution of 11-8 (225 mg, 0.48 mmoles), TI7A (2.5 mL), 
25 and CH2CI2 (2.5. mL). was stirred at ambient temperature for 1.0 h. 
Concentration followed by flash chromatography (sihca, 10: 1:1 
ethanpl/H20/NH40H) gave LL:9 as a white solid. Rf 0.44.(silica, 10:1:1 
ethanol/H20/NH40H). 

IH NMR (400 MHz, D2O) 6 7.40-7.00 (m, 4H), 3.38 (m, 2H), 3.21 (m, 
30 2H), 2.90 (m, 2H), 2.60 (d, J=7Hz, 2H), 2:50 (m, 2H), 2.19 (m, 2H), 
1.83 (m,3H), 1.40 (m,2H). 
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30 



BpCN 

5 . ■ ■ ■ 




10 



EDC, HOBT, 
N(i-Pr)pEt, DMF 



BOCN 



,HCI • HaN' 



ptBu 



12-4 




II. ■ ... 
O > ; . ■■ 



15 



TFA/CHpCI? 



' HN 




20 



12-6 - 



CH3 . O 



25 



30 
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5 




COgEt 



Ethvl 3-r4-fN-BOC-4-hvdroxvpiperidin-4-vl)phenvncrotonate (1 2- 1^ 
A mixture of 10-3 (500 mg, 1.4 mmoles), ethyl crotonate 
(1.7 mL, 3.8 rnmoles), Pd(OAc)2 (31 mg, 0.14 mmoles), NEt3 (0.78 
mL, 8 mmoles), tri-o-tolylphosphine (170 mg, 0.56 mmoles), and 
CH3CN (7 mL) was heated in a sealed tube at 100°C for 24 hours. The 
cooled reaction mixture was diluted with EtOAc and then washed with 
H2O, 10% KHSO4, saturated NaHC03, and brine, dried (MgS04), and 
concentrated. Flash chromatography (silica, 25% EtOAc/hexanes) gave 
12-1 as a waxy yellow solid. ' Rf 0.33 (silica, 25% EtOAc/hexanes). 
IH NMR (300 MHz, CDCI3) 5 7.49 (m, 4H), 6.16 (s, IH), 4.23 (q, 
J=7Hz, 2H), 4.05 (m, 2H), 3.27 (m, 2H), 2.59 (s, 3H), 2;00 (m, 2H), 
1.72 (m, 3H), 1.46 (s, 9H), 1.33 (t,-J=7Hz, 3H). . 



BOCN 

25 

12-2 CH3 COaEt 

Ethvl 3-r4-rN-BQC-hvdroxvpiperidinr4-vi.'>phenvnbutvrate ( 12-2) 
30 ' A mixture of 12-1 (400 mg, liO mmoles), 10% Pd/C (160 

mg), and CH3OH (5 mL) was stirred at ambient temperature under a 
hydrogen atmosphere for 3.0 hours. The reaction mixture was filtered 
through a celite pad and the filtrate concentrated to give 12-2 as a 
yellow oil. Rf 0.33. (silica, 30% EtOAc/hexanes). 
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IH NMR (300 MHz, CDGI3) 5.7.45-7.20 (m, 4H), 4.10 (q, J=7hz, 2H), 
,4-05 (m,.2H), 3.30 (m, 3H), 2.60 (m, 2H), 2.00. (m, 2H), 1.74 (m,,2H), 
.1 .60 (m, 2H), 1 .46 (s, 9H), 1 .32 (d, J=7Hz, 3H), 1 .20 (t, J=7Hz, 3H). 



BOCN 




3-r4-(N-^BOC-Hvdroxvpiperidin-4-vnphenvll^^^^ (12-3) 
. . . . '.■ . -. A mixmre of Mi2 H00 mg^ 

. ;,;j|]oL/4.0'mirioles), and GH3OH (5 mL) wias stirred at ambienl.....^ 
15 temperature for 4.0 hours. The reaction mixture was acidified with 
■ . 10% KHSO4 and then extracted with EtOAc (2x). The combined 

extracts were washed with brine, dried (MgS04), and then concentrated 
to give 12i3 as a white solid. Rf 0.66 (silica, 10/6.5/0.5 , 
CH2GI2/CH3OH/HOAC). 
. 20 . IH.NMR (300 MHz, CDCI3) 5 7.42 (m, 2H), ,7.23 (m, 2H), 4.04 (m,, 
2H), 3.28 (m, 2H), 2.63 (ni, 2H),- 2.00 (m, 2H), 1^72 (m, 2H), '1.48 (s, 
9H), 1 .35 (d, J=7Hz, 3H). ■ . . • • 
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3-[4-(N-BOC-Hydroxypiperidm-4-yl)phenyl]butyryl-p-alaiime-tert- 

butvl ester ri2-5V ; 

To a stirred solution of 12-3 (125 mg, 0.34 mmoles), 12-4 
(69 mg, 0.41 mmoles), HOBT (54 mg, 0.41 mmoles), N(i-Pr)2Et (228 
mL, 0.82 mmoles), and DMF (2 mL) at -15°C was added. EDC (79 mg, 
0.41 mmol) followed by removal of the cooling bath. After 20 hours 
the reaction mixture was diluted with EtOAc and then washed with 
H2O. saturated NaHC03, 10% KHSO4, and brine, dried (MgS04), and 
concentrated. Flash chromatography (sihca, 60% EtOAc/hexanes) gave 
12-5 as a. white solid. Rf 0.26 (sihca, 60% EtOAc/hexanes). ■ — 
IH NMR (300 MHz, CDCI3) 6 7.43 (d; J=8Hz, 2H), 7.23 (d, J=8Hz, 
2H), 5.88 (m, IH), 4.03 (m, 2H), 3.32 (m, 5H), 2.41 (d, J=7Hz, 2H), 
2.32 (m, IH), 2.20 (m, IH), 2.00 (m, 2H), 1.77 (m, 2H), 1.49 (s, 9H),- 
1.47 (s, 9H), 1.32 (d, J=5Hz, 3H). 




3-r4-( 1 .2.5 .6-TetrahvdroDvridin-4-vl)phenvllbutvrvl-p-alanine ( 1 2-6) 
A mixture of 12-5 (120 mg, 0.25 mmoles), CH2CI2 (1.0 . 
25 mL), and TFA (1.0 mL) was stirred at ambient temperature for 4.0 

hours and then concentrated with azeotropic removal of the excess TEA. 

Flash chromatography (silica, 10/1/1 ethanoI/NH40H/H20/ gave 12-6 as 

a white sohd. Rf 0.13 (10/1/1 ethanol/NH40H/H20). 

IH NMR (400 MHz, D2O) 6 7.44 (d, J=8Hz, 2H), 7.2^ (d, J=8Hz, 2H), 
30 6.13 (s, IH), 3.84 (d, J=2Hz, 2H), 3.47 (t, J=6Hz, 2H), 3.25 (m, IH), 

3.17.(m, 2H), 2.77 (m, 2H), 2.55 (m, IH), 2.42 (m, IH), 2.28 (m, IH), 

2.11 (m, IH), 1.27 (d, J=7Hz, 3H). 



' wo 94/12181 



PCT/US93/11623 



-104.- 

SCHEME 13 



'^°>^^^^r'^'^?^°2CH3 ^ i^aH . DMSO 




13-1 



2. BOCN 




13-3 



■CH2OSO2CH3 



iO 



15 



20 




CH2CO2CH3 



I.XiOH 



2. H2.N' ^ , ' 

HOBT, DIPEA, EDC 

3. LiOH . 

4. He I (gas) 




13-5 



25 , - : >. BOGN 




PHOH CISO2CH3 
UM2UH —1-^ — ^ BOCN 

. py.. .-■ ■ ■■ ' ■ 




13-2 



CH2OSOCH3 



30 
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5 - 




Methvl 3-TnSf-BOC-4-PiperidlnvnmethvIoxvTphenvl acetate (13-4^ 

.1.57 g (9.48 mmoles) of methyl 3 -hydroxy-phenyl acetate 

10 (13-1 ) was dissolved in DMSO (5 ml) and treated with 0,36 g (9.09 
mmoles) of 60% NaH (0.36 g, 9.09, mmoles) in oil. N-BOC-4- 
hydroxymethyipiperidine mesylate ( 13-3) [prepared frOm N-Boc-4- . 
hydroxymethylpiperidine (13-2 ) by treatment with methanesulfonyl 
chloride and pyridine in methylene chloride] (2.79 g, 9.5 mmoles) was 

15 added in one portion and the resulting mixture heated to 60° for 8 hours 
and stirred at 25" for 48 hours. The reaction mixture was diluted with 
H2O and Et20 and the organic phase was washed with IN NaOH 
solution, brine, then dried (Na2S04) and concentrated to give 13-4 as 
an oil. 

20 IH NMR (300 MHz, CDCI3): 1.26 (m, 2H), 1.50 (s, 9H), 1.86 (bd, 2H), 
1.97 (m, IH), 2.75 (dt, 2H), 3.60 (s, 3H), 3.70 (s, 3H), 3.80 (d, 2H), 
4.08 (bd„2H), 6.84 (m, 3H), 7.25 (dd, IH) ppm. 



25 




30 

3-[(4-Piperidinyl)methyloxy]-N-(2-carboxyethyI)phenyl acetamide 

n3-5) • . . 

1.0 g (2.75 mmoles) 13-4 was treated with LiOH (8.25 ml 
of IN) in 50 ml H2O and 50 ml THF at 25° for 3 hours. The reaction 
mixmre was then acidified to pH 5.5 with citric acid, concentrated and 
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" ; ■■ : ■ : : ■- 106- • •• • ■• " 

extracted with ethyl acetate. The organic ext^^^ 

and concentrated to give the desired acid ( 13-6) . 
. , IH NMR (partial) (300 MHz, CDGI3): 1.25 (m, 2H), 1.24 <s, 9H), , 2.75 
■ , , ^ (dt, 2H); 3.60 (s,' 2H), 3.80 (d, 2H) ppm. ; ; • ' 

■ \ This acid (0.35 1 .0 mrnoles) was dissolved in DMF (3 

ml) and treated sequentially with 0.36 g (2.6 riunoles) P-alanine ethyl 
: ester-HCl, 0.23 g (0.15 nimoles) HOBT (1.5^ 

10 ^o^^s), and 0.288g (1.5 mmOles) EDC. This mixture was stiired 
for 4 hours , diluted with H2O and EtO Ac and the organic phase Was' 
washed with 10% citric acid, saturated NaHCOs, H2O, brine, dried ^ 

- .^ , - . l(Na treated with -LiGH— - - 

(2.5 ml of IN aqueous solution) as described for 13-4 to provide the. ' 
desired acid. This was dissolved in EtOAc (60 ml), cooled to -15° and 
treated with HCl gas for 10 minutes. The solvent was removed to give 
' J3-5 as a w^^^^^ , 

- IH NMR (300 MHz, d6-DMSO): 1.48 (m, 2H),-1.80.(m, 2H),,2.08 (m, 
- . , IH), 2.38 (t, 2H), 2.89 (dt, 2H), 3.25 (m, 4H), 3.35 (s, 2H), 3.82 (d, 

, 2H), 6.80, (m, .3H), 7.20 (t, IH) ppm. ^ ,. '-: ■ ■ , 
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30 
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3-[(N-BdC-4-Piperidiiiyl)methyloxy]-N-[ethyl 3-(2-indol-3-yl)ethyl)- 

• propionatelphenyl acetamide (13-8). ' . . 

Treatment of 13-6 (0.35 g, 1 .0 mmoles) in DMF (3 ml) as 
described for jJbl employing ethyl 3-[2-(indoI-3-yl)ethyl]propionate 
(13-7) (prepared as in Example 36, page 40, of European Publication 
478,362, published April 1, 1992) provided the desired adduct 13-8 . 

3-[(4-Piperidinyl)methyloxy]-N-[3-(2-indoI-3-yl)ethyl propionic acid]- 

phenyl acetamide ( 1 3-9) " ^ . 

Treatment of 13-8 with LiOH«H20 and subsequently with 
HCl (gas) as described for 13-5 provided 13-9 as a white solid. 
IH NMR (partial) (300 MHz, d6-PMSO) 1.40 (m, 2H), 1.65 (d, 2H), 
1.82 (m, 2H),:2,30 (m, 2H), 3^^^ 2H),.6.92 (m, 2H),. 

; 7.05 (m, 2H), 7.18 (t, IH), 7.30 (d, IH), 7.40 (d, 1H),.8,14 (d, IH) 
\ ■' .ppm. : ■ ■ ■■■ ■ ■ -■ 
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(CH2)2-I +CI- — {( jV-rCOaCHa NaH, THF 

0°C— reflux 



14-1 . (Lancaster 

Chemical Co.) 



(CH2)r-0--((^^_J>— CO2CH3 in LiOH, THF 



14-2 



' >pS\ HCI-HgNOr'^ 
2-0— <( ))-COpH HI 



CO2CH3 

(CH2)2-0— <y;KC02h NHS02Ph 
..Nr-^ 9-12 



1±3l bop, NMM, CH3CN 



O 



N— ^ H fsjHSOgPh — 

14-4 . 



15 



BOCN 




(CH2)^-0 



110- 




14-5 



CO2H 



NHS.OsPh.. 



TFA, 
CH2CI2 



10 




(CH2)^0 




o- 

II 



G02H 



H 



NHSO.Ph 



20 



■25', 



30 
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BOC-N 



(CH2)z-0 




CO2CH3 



1±Z 



Methyl 6-r2-rN-BOC-4-Piperidinvnethvloxv1nicotmate (14-2) 

To a stirred solution of 1:4 (2.0 g, 8.8 mmol) in THF 
(40mL) at 0°C was added NaH (350 mg, 60% dispersion in mineral oil). 
After 20 min, 14-1 (750 mg, 4.4 mmol, available from Lancaster 
Chemical Co-) was added, followed by heating to reflux for 2 h. The 
cooled reaction mixture was concentrated then purified by flash 
chromatography (silica, 20% EtOAc/hexanes) to give 14-2 (650 mg) as 
a white solid Rf 0.25 (silica, 20% EtOAc/hexanes). 
. IH NMR (300 MHz, CDCI3) 5 8.83 (m, IH), 8.17 (m, IH), 6.77 (m, 
IH), 4.37 (t, J=7Hz, 2H), 4.10 (m, 2H), 3.91 (s, 3H), 2.70 (m,'2H), 
1.80-1.10 (m, 7H), L47 (s, 7H). 



6-r2-rN-BOC-4-Piperidinvl)ethvloxvinicotinic acid (14-3) 

A solution of 14-2 (650 mg, 1.2 mmol), IN LiOH (3 mL), 
and THF (5 mL) was stirred at ambient temperature for 20h. The 
reaction mixture was then washed with EtOAc followed by acidification 
with 5% .KHSO4, then extraction with EtOAc. The EtOAc extract was 
washed with brine, dried (MgS04) and concentrated to give 14.-3 (260 
mg) as a white solid. Rf 0.64 (siHca, 10:2:2 (CH2CI2/CH3OH/ACOH). 
IH NMR (300 MHz, CDCI3) 5 8.89 (d, J = 2Hz, IH), 8.21 (dd, J = 8 
and 2Hz, IH), 6.78 (d, J = 8Hz, IH), 4.44 (t, J = 7Hz, 2H), 4.10 (m, 
2Hj, 2.70 (m, 2H), 1.80-1.10 (m, 7H), 1.46 (s, 9H). 



BOC-N 



(CH2)2— O 




C02H 
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,COoCH. 



(CH2)2-0-^(Q)-CNH'0:|-' 

' •'^ NHSOgPh 



10 



15 



20 



25 



642-(N-BOC-piperidin-4-yl)ethyl6xyi-nicotinamide-N-[Methyl 3-(2(S)- 
^ Dhenvlsulfonvlamino^propionatel (^14-4) 

Utilizirig the procedure for converting 9-3 carboxylic aeid 
^^ (^^9:^^^ 9-^^ fflP^D gave l;4-4 \(;i 30 mg^^s a cnlnrless; nii 
after flash chromatography ^^^^ 66% EtOAc/hexanes). Rf 0 13 , . 
(silica, 60% EtOAc/hexanes). .. : ■ j ' 

l.H NMR, (300 MHz, CDC13) 6 8.62 (d,J = 2Hz, IH), 8.03 (dd; J = 8 
and 2Hz,-lH), 7.55 (m,5H), 6.80 (d,.J-= 8Hz, IH), 6.74 (m, IH), 5.76 
(d, J = 8Hz; IH), 4.43 (t, J = 7Hz, 2H), 4.10 (m, 2H), 3.65 (s, 3H), 2.70 
(m, 2H), 1:80-1.10 (m, 7H), 1.47 (s, 9H). 



BOCN 



V 




(CH2)2^0 




CO2H 



, " NHSOgPh 



14-5 



6-[2-(N-BOC-Piperidiii-4-yl)ethyloxy]-nicotiiianiide-N-[3-(2(S)-phenyl- 
sulfonvlamino^propionic acidT ri4-5) 

A solution of I4d:,.(120 mg, 0.21 mmol), in IN NaOH 
(1 mL), and CH3GH (1 mL) was stirred at ambient temperature for 
1, Oh followed by acidification with 10%;KHSO4. The reaction mixture 
was then extracted with EtO Ac and the.EtOAc extract washed with 
brine, dried (MgS04), and concentrated to give 14-5 (115 mg) as a 
white sohd. Rf 0.48 (10:1:1 CH2CI2/CH3OH/ACOH). 
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O 

II 



(CH,),-0-<P^!lNHOr''°^' 



H 



NHSOgPh 



14-6 



6-[2-(Piperidin-4-yl)ethyloxy]nicotmainide-N-[3-(2(S)-phenylsulfonyl- 

amino)propionic acid1 (14-6) ■ 

A solution of 14:^ (110 mg, 0.19 mmol), TFA (1.0 mL), 
and CH2CI2 (1-0 mL) was stirred at ambient temperature for l.Oh." The 
solution was concentrated and then azeotroped with toluene to remove 
residual TFA, Flash chromatography (siUca, 10:1:1 EtOH/H20/ 
NH4OH) gave 14:6 (35 mg) as a white solid; Rf 0.17 (silica, 10:1:1 
.EtOH/H2Q/NH40H). 

IH NMR (300 MHz, D2O/DCI) 5 8.46 (s, IH), 8.44 (m, IH), 7.78 (m, 
IH), 7.42 (m, 5H),.4.57 (t, J = 7Hz, 2H), 4.25 (m, IH), 3.79 (dd, J = 14 
and 5 Hz, IH), 3.50. (dd, J - 14 and 9 Hz, IH), 3.40 (m, 2H), 2.97 (m, 
^° 2H), 2.05-1.80 (m, 5H), 1.45 (m, 2H). 



25. 
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BOCN^ /-(CH2)2-r +HO 



1-4 




<-02CH3^ CS2CO3 



CI 15-1 . (Lancaster 

Chemical Go.) 




10 BOCN >-(CH2)2-0-K( : j^COsCHg : 




15 



1 . LipH'H^Q 

2. HCI'HgNT. ^ 



COgCHa, BOP 



NMCbz. 



. ■/- 

20 BOCN ^(CH2)2-0- 




O 
II 

CNH- 



H 



CI 

. 15-3 



.CO2CH3 10%Pcl/C, 

: . ' - CH3OH, 

NHCbz H2 



25 . 



30 
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BOCn'^ y>^(CH2)2-0 




CI 



15-4 



O 

CNH-^ ^ 



CO2CH3 



H 



NH; 



CH2CI2, 
pyridine 

PhSOaCI, 
0°C 




BOC-N >— (CH2)2-0 



10 




CI 



15-5 



O 

II ^ * 
CNH^^:|^ 

^■NHSOgPh 



.CO2CH3 



15 



LNaOH 
2. CF3CO2H 



HN 




(CH2)2-o— 



O 



CI 



•CNH^'"^ 

NHSOaPh 



15-6 



20 



25 



30 
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Methvl 3-C hloro-442-(7sf-BOC-4-piperidmvnethvloxv1-ber^^ (15^2) 
Utilizing the. same procedure for converting 9^2 to 9-3. 15- 
,1.0 I (363 mg, 1 .9 mmol) gave 15-2 (680 mg) as, a colorless oil after flash 
, chromatpgraphy (silica, 20% EtQAc/hexanes). Rf 0.51 (silica, 20% 
EtOAc/hexanes). ^ 

IH NMR (300 MHz, GDQ3) 6 8.05 (d, J=2Hz; IH), 7.9r (dd/j=8 
^2MzriH),'6>92^(d, J==8Hz^ IH): 4,12 (0=^^ 
15 (m, 2H), 1.85 -1.10 .(m, 7H),-1.46"(^^ 



20 




3-Chloro-^4-[2-(N-BOC-piperidin-4-yl)ethyloxy]phenylcarbOnyl-2(S)- 
25 benzvloxvcarbonvlamino-p-alanine methvl ester ri5-3) 

Utilizing the same procedure for converting 9-3 to 9-5. 15- 
2 (650 mg, 1.7 mmol) gave^^ (630 mg) as a white solid after flash 
chrpmatography (silica, 50% EtOAc/hexanes)...Rf 0.24 (silica, 50% 
EtOAc/hexanes). 

30 IH NMR (300 MHzrCDCl3) 5 7.85 (d, J= 2Hz, IH), 7.80 (dd, J=8 and 
, 2Hz, IH), 7.34 (in, 5H), 6.96 (d,J= 8Hz, IH), 5.13 (m, 2H), 4.50 (m,; 
IH), 4.14 (t, J= 7Hz, 2H), 4.08 (m, 2H), 4.78 (s, 3H), 3.46 (m, 2H), 
2.74 (m, 2H), 1.80 (m, 5H), 1.46 (s, 9H), 1.23 (m, 2H). 
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BOCN 




(CH2)2 




C02CH3 



3-Chlpro-4-[2-(N-BOC-piperidin-4-yl)ethyloxy]phenylcarbonyl-2(S)- 
amino-p-alanine methyl ester (15-4) , 

10 A mixture of 1523 (575 mg, 0.97 minol), 10% Pd/C (230 

. mg), and CH3OH (5 mL) was stirred under a hydrogen atmosphere (1 
atm) at 25°C for 1 .0 hour. The reaction mixture was then filtered ' 
through a ceHte pad and the filtrate concentrated to fiimish 15-4 (422 
mg) as a yellow solid. Rf 0.17 (silica, 10:0.5:0.5 dH2Cl2/CH30H/ 

15 AcOH). 



20 



BOCN 




\ 



(CH2)2-0 




COoCH. 



NHSOaPh 



15-5 



25 



30 



3-Chloro-4-[2-(N-BOC-piperidin-4-yI)ethyloxy]phenylcarbonyl-2(S)- 

phenvlsulfonvlamino-B-alanine methvl ester (15-5) 

To a stirred solution of 15-4 (375 mg, 0.82 mmol), 
CH2CI2 (4 mL), and pyridine (0.2 mL, 2.4 mmol) at 0°C was added 
phenylsulfonyl chloride (435 mg, 2.5 mmol) followed by removal of 
the cooling bath. After 20 hours the reaction mixture was diluted with 
EtOAc and then washed with H2O, saturated NaHCOs, 10% KHSO4 and 
brine, dried (MgS04), and concentrated. . Flash chromatogriaphy (silica, 
60% EtOAc/hexanes gave 15-5 (315 mg) as a white solid. Rf 0.26 
(silica, 60% EtOAc/hexanes). 

IH NMR (300 MHz, CDCI3) 5 7.90-7.50 (m, 7H), 6.92 (d, J=8Hz, IH), 
6.61 (m, IH), 5.75 (m, IH), 4.10 (t, J= 7Hz, 2H), 4.10 (m, 3H), 3.87 
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(m, IH), 3.69 (m, IH), 3.62 (s, 3H),-2.72 (m, 2H), 1.75 (m, 5H), 1.46 
(s, 9H), 1.20 (m, 2H). 




O 

^ NHSOsPh 

15-6 



10 



3-Chloro-4-[2-(piperidin-4-yl)ethyloxy]phenyIcarbony 1-2(5)^^ 

sulfonvlamino-p-alanine (15-6^ ' " . ' . ' - 

Utilizing the procedure for converting 9-5 to 9-6 . 15-5 
' - < (275 mg; 0:46 mmol) gave 15-6 (85 mg) after flash chromatdgraphy ; 
(silica, 10:1:1 ethanol/H20/>m40H). Rf 0.39 (silica, 10rl:r 
ethanol/H20/NH40H). 

IHNMR (300 MHz, DC1/D20) 6 7.70-7.00 (m, 8H), 4.23 (m, 3H),3.75 
" (dd, J=14 and 4Hz,~rH); 3.40 (m^^^^^ (m, 5H), 

, 1.46 (m, 2H); 

■20 • . • 
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SCHEME 16 
PtOg. AcOH. Ha 



16-3- 




OH 




13:Z 

I2, CH3CN, PPhg, imidazole 



16-6 





CO2CH3 




DMF, CS2CO3, Methyl 
4-hydroxybenzoate 



IN LiOH.THF, A 



^ . BOP. HC|.H2N^^^°2CH3 
CO2H : . 2 |_|^^ ^NHCbz 



10-10 




CO2CH3 
l_l NHCbz 



10% Pd/C, 
CHaQH, H2 



16-7 



120.- 



10- 



SCHEME 16 (CONT'D) : 




CO2CH3 ■ 

H^- 'NH2 CH2GI2, BuSOgGI, 
pyridine 



CO2CH3 , 



I N LiOH, 
THF.. 



16-9 



15 



20 




H\ NHSOgBu 



1g-10 



CF3CO2H,, 
CH2CI2 



25 




.C02H 

^'NHSb2Bu 



16-11 



30 
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OH 



5 - " 16-2 - 



3-Piperidin-3-vlpropanol (16-2) 

A mixture of 16-1 (Aldrich Co.) (25g, 0. 1 8 mmol), Pt02 
10 (2g), and AcOH (150 mL) was shaken on the Parr apparatus at 50 PSI 
for 8 h. The reaction was filtered through a celite pad to give 16-2 
(~25g) as a yellow oil cifter solvent evaporation. Rf 0.31 (silica, 4:1:1 
GH2CI2/CH3OH/ACOH), . 

IH NMR (.400 MHz, DMSO) 5 3.32 (m, 2H), 3.19 (m, 2H), 2.62 (m, 
15 IH), 2.37 (m, lH), 1.80-1.00 (m, 9H). 




OH- 



BOC ISiS 



3-N-BOC-Piperidin-3-vlpropanol (16-3^ 

To a stirred solution of 16:^ (25g, -0.18 mol), NEt3 (30 

25 mL, 0.22 mol), and DMF (500 mL) at 0°C was added BOC2O (47g, 
0.22 mmol). After 4 h the reaction mixture was diluted with EtOAc 
and then washed with 10% KHSO4, H2O, sat. NaHC03, and brine, dried 
(MgS04), and concentrated to give 16-3 as a yellow oil which was used 
directly for the next reaction. Rf 0.55 (silica, 50% EtOAc/hexanes). 

30 




BOC 16-4 
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[ 3-N-BOC-Piperidin-3-vlpropvl iodide V 1 6r4) 

To a stirred solution of crude 16-3 ('-45g, 0.18 mol), 
.CH3GN (500 mL), imidazole (18g, 0.27 mol), and PPh3 (52g, 0.2 mol) 
at ambient temperature was added iodine . (50g, 0.2. mol). After 20 h the 
reaction mixture was diluted with EtOAc and then washed with 10% 
KHSO4, sat. Na2S03, H2O, and brine,.dried (MgS04), and 
concentrated. Flash chromatography (silica, 10% EtOAc/hexanes) gave 
1 6.4 (12g) as an oil. Rf 0.95 (silica, 50% EtOAc/hexanes),- 
IH NMR (400 MHz, GDCI3) 5 3.87 (m, 2H); 3.15 (t=7Hz, 2H); 2.77 , . 
(m, 2H), 1.90-1.00 (m, 9H), 1.45 (s, RH); 




• BOC 16-5 



: Methyl 4-r3-(T^-BOCrpiperidin-3-vnpfopvloxv1benzoateYl6-5V ; 

A mixture of 1624 (1.0g, 3 mmpl), methyl 4- 
hydroxybenzoate (Aldrich) (0.46g, 3 rrtmol), CS2GO3 (2.9g, 9, mmol), 
and DMF (30 mL) was stirred at 60PC for 20 h. The cooled reaction . 
mixture was diluted \yith EtOAc and then washed with H2O (2x) and 

25 brine, dried (MgS04), and concentrated.. Flash chromotography (silica, 
15% EtdAc/hexanes) gave I64 (0!75g) as an oil. Rf 0.45 (silica, 30% 
EtOAc/hexanes). . . . - 

IH NMR (300 MHz, DCD13)6 7.97:(d, J=&z; 
2H), 4.00 (t, J=7Hz, 2H), 3.95 (m, 2H), 3I88 (s^ 3H), 2.77'(m, 2H), 

30 1.9()-hOO(m, 0H), 1.45(s, 9H). • r .- 
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4-r3-(N-BOC-Piperidin-3-vl)propvloxv1benzoic acid (16-6) 

A mixture of 16-5 (0.75g, 2 mmol), THF (30 ml) and 1 N 
10 LiOH (10 mL) was heated at reflux for 7 h. The cooled reaction 

. mixture was diluted with EtOAc and 10% KHSO4. The organic portion 
was then washed with brine, dried (MgS04) and concentrated to give 
16-6 (740 mg) as a white solid. Rf 0.86 (silica, EtO.Ac). 
IH NMR (400 MHz, CDCI3) 5 8.03 (d, J=8Hz, 2H), 6.95 (d, J=8Hz, 
15 2H'), 4.00 (t, J=7Hz, 2H), 3.90 (m, 2H), 2.77 (m, IH), 2.50 (m, IH), 
1.85 "(m, 4H), 1.63 (m, 2H), 1.45 (s, 9H), 1.42 (m, 2H), 1.10 (m, IH). . 



20 




CO2CH3 
NHCbz 



25 4-[3-(N-BOC-Piperidin-3-yl)propyloxy]-N-[methyl 3-(2-(S)-benzyloxy- 

carbonylamino)propionynbenzamide (16-7) , 

To a stirred solution of 16-6 (410 mg, 1.1 mmol), 10-10 
(308 mg, 1.1 mmol), NMM (0.3 mL, 1.3 mmol), and CH3CN (1 1 mL) 
at ambient temperature was added BOP reagent (0.6g, 1.3 mmol). 

30 After 20 h, the reaction mixture was diluted with EtOAc and then 
washed with 10% KHSO4, sat. NaHC03, H2O, and brine, dried 
(MgS04), and concentrated. Flash chrornotography (silica, 60% 
EtOAc/hexanes) gave 16-7 (430 mg) as an oil. Rf 0.82 (silica, 50%. 
EtOAc/hexanes). 
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IH NMR (400 MHz, CDCI 3) 5 7.70.(d, J=9Hz, 2H), 7.33 (m, 5H), 6.88- 
(d, J=9Hz, 2H)r7.33 (m;5H)r6.88 (d, J=9Hz, 2H), 6.69 (m, IH), 5.97 
(m, IH), 5.11 (.5, 2H), 4:53; (m, lH), 3.98 (t, J=7Hz, 2H), 3.93-5.80 (m, 
4H), 3.76 (s, 3H), 2.77 (m, IH), 2.50 (m, IH), 1.80-1.00 (m, 9H), 1.45 * 

(s,9H). . ' , . ;. • ■'. 



10 



.0 -yiM^i 




C02CH3 



15 4-[3-(N-Bbe-Piperidin-3-yl)propylox . 

prbpionvDIbenzarriide (16-8) : . " ■ . 

A mixture of (430 mg, 0.72 nimpl), 10% Pd/C, and 

GH3OH (7 mL) was stirred at ambient temperature under a hydrogen 

atmosphere (1 atm) for 20 h. The reaction mixture was then filtered 
20 through a celite pad arid the filtrate concentrated to give 1 6-8 (333 mg) 

as an oil. Rf 0.75 (silica, 9:1 :l GH2Cl2/GH30H/AcOH); . • 



25 




CO2CH3 
NHSO2BU 



16-9 



30 



4-[3-(N-BOC-Piperidin-3-yI)propyloxy]-N-[methyl 3-(2-(S)-butyl- 

sulfonvlamino)propionvllbenzamide (16-9) 

. To a stirred solution of 16-8 (333 mg, 0.72 mmol), in 
CH2Ci2 (7 mL) at 0°C was added pyridine (0.12 mL, 1.4 mmol) andn- 
butylsulfonyl chloride (0.19 mL, 1.4 mmol), followed by removal of 
the cooling bath. After 20 h^ the reaction mixture was diluted with 
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EtOAc and then washed with 10% KHSO4, sat. NaHGOs. H2O and 
brine, dried (MgS04), and concentrated. Flash chromatography (sihca, 
60% EtOAc/hexanes) gave 16-9 (300 mg) as a colorless oil. Rf 0.15 ' 
(silica, 50% EtOAc/hexanes). 

IH NMR ;(400 MHZ, CDCI3) 5 7.74 (d, J=9Hz, 2H), 6.89 (d, J=9Hz, 
2H), 6.72,.(m,JH); 5.66 (m, IH), 4.33 (m, IH), 3.98 (t, J=7Hz, 2H); 
3.90 (m, 2H), 3.82 (s, 3H), 3.77 (m, 2H), 3.03 (m, 2H), 2.78 (m, IH), 
2.50 (m, IH), 1.90-1.00 (m, 9H), 1.45 (s', 9H), 0.91 (t. J=7Hz, 3H). 



10 



15 




CO2H 
NHSO2BU 



16-10 



4-[3.(N-BOC-Piperidin-3-yl)propyloxyi-N-[3-(2(S)-butylsulfonyl- ^ 
amino^propionic acid1 benzamide (16-lOV -~: 

20 A solution of 16-9 (300 mg, 0.5 mmol), THF (5 mL), and 

IN LiOH (1.5 mL, 1.5 mmol) was stirred at ambient terhperature for 
30 min. The reaction mixmre was acidified with 10% KHSO4, and then 
extracted with EtOAc, The EtOAc extract was washed with briiie, 
dried (MgS04), and concentrated to give 16-10 (273 mg) as an oil. Rf 

25 0.87 (silica, 9:1:1 CH2CI2/CH3OH/ACOH. 

IH NMR (400 MHz, CDCI3) 5 7.75 (d, J=9Hz, 2H), 7.14 (m, IH), 6.89 
(d, J=9Hz, 2H), 5.88 (m, IH), 4.24 (m, IH), 3.98 (t, J=7Hz, 2H), 4.00- 
3.70 (m, 4H), 3.05 (m, 2H), 2,60 (m, 2H), 1.90-1,00 (m, 9H), 1.45 (s, 
9H), 0.89 (t, J=7Hz, 3H). 

30 



PCt/US93/11623 




4-[3-(Piperidm-3-yl)propyloxy]-N-[3-(2(Sj-but . . . 

propionic acidlbefizamide (16-1 IV 

: A solution of i6J^X273 mg;o:48 i^ 
and CH2C 1 2 was. stirred. at 25°C for 1 X)Ji. Concentration followed by 
flash chromatography (silica, 10: 1 : 1 ethan6l/NH40H/H20) gave 16- 11 
(70 mg) as a white soUd. , , 

. IH NMR (400^^^^ D2O) 5 7.63 (d, J=9Hz; 2H), 6.90 (d, J=9Hz, 2H), 
' 4.22 (m, IH), 3.97 (t,. J=7Hz, 2H), 3.70 (m/lH), 3.44 (m, IH), 3.20 (m, 
2H), 2.96 (m, 2H), 2.72 (m, IH), 2.50 (m, TH), 1.80-1.00 (m, 9H), 0.58 
(t, J=7Hz, 3H); : , 
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SCHEME 17 




^ BOCN^ (CH2)2-0- 



9-3 



•CO2H + hci.H2nO<''^°2CH 

H OH 

: "'17-1 



10 



/ 




BOCN >— (CH2)2-0- 



15 



20 



BOCN 




25 



HN 




BOP, NMM, CH3CN 



O 



(0/-CN 



CO2CH3 
H OH .. 

1N NaOH, ethanol 
O 



(CH2)2-o-^^i!NHr-;;x^^°^' 



1L2. 



CF3CO2H/CH2CI2 



O 

II 



(CH2)2-o— YOt-cnkOC 



C02H 

OH 



30 



17-4 
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BOCN 




(CH2)2-0 




1Zi£ 



10 



15 



20 



442-(N-BOC-Piperi.dm-4-yl)ethyloxyjphenylcarbonyl-2(S)-hy 

alanine methyl ester (17-2) . 

A solution of M (60mg, 0.18 mmol), 17,-1 (Pol. J. Chem 
1979, -53, 1533-9) (28mg, 0.18 mmol), NMM (78 ml, 0.72 mmol), and 
CH3GN (1 mL) at ambient temperamre was treated with BQP (118 mg, 
0.27 mmoi). After 72 h, the' reaction mixture was diluted with EtOAc 
"and then washed'wili H2C)rsat. N^^^ KHS64., and brinerdried 

(MgS04), and concentrated. Flash chromatography (silica, 80% ' 
EtOAc/hexanes) gave 17-2 (47 mg) as a colorless oil. Rf 0. 1 8 (siHca, 
80% EtOAc/hexanes). 

1 H NMR (300 MHz, CDC 1 3) 5 7.72 (d, J=8Hz, 2H), 6.92 (d, J=8Hz, 
2H), 6.45 (m, IH), 4.42 (m, IH), 4.13 (m,lH), 4.08 (m, 4H), 2.70 (m, 
2H), 1:80-1.10 (m, 7H), 1.46 (s, 9H). 



25 



BOCN 




(CH2)2-0 




17-3 



30 



4-[2-(N-BOC-piperidin-4-yl)ethyloxy]phenylcarbonyl-2(S)-hydroxy-p- 

alanine (17-3) ■ ' _■ 

A solution of IT^ (45 mg, 0.10 mmol), IN NaOH (400 
|J.L), and ethanol (500 )il) was stirred at ambient temperature for 1.0 h. 
The reaction was acidified with 10% KHSO4 and then extracted with 
EtOAc. The EtOAc portion was washed with brine, dried (MGSO4), 
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and concentrated to give 17-3 (45 mg) as a white solid. Rf 0.26 (silica, 
10:1:1 CH2CI2/CH3OH/ACOH). • 
IH NMR (400 MHz, CDCI3) 5 7.70 (m, IH), 7.60 (d, J=8H2, 2H), 6.63 
(d, J=8Hz, 2H), 4.20-4.00 (m, 5H), 3.70-3.60 (m, 2H), 2.65 (m, 2H), 
1.80-1.00 (m, 7H), 1.46 (s, 9H). 



17-4 



25 



4-[2-(Piperidin-4-yl)ethyloxy]phenylcarbonyl-2(S)-hydroxy-p-alanine 

n7-4v. • ' . . 

A solution of 17-3 (45 ing, 0.10 mmol), TFA (1 mL), and 
CH2CI2 (1 mL) was stirred at ambient temperature for 1.0 h. 
Concentration and flash chromatography (silica, 10:1:1 ethanol 
H2O/NH4OH) gave 17-4 (28 mg) as a white soHd. Rf 0:17 (10: 1 : 1 
ethanol) H2O/NH4OH). 

IH NMR (4Q0 MHz, DCI/D2O) 5 7.73 (d, J=8Hz, 2H), 7.03 (d, J=8Hz, 
2H), 4.48 (t, J=7Hz, IH), 4.17 (t, J=7Hz, 2H), 3.73 (m, 2H), 3.40 (m, 
2H), 2.95 .(m, 2H), 2.00 (m, 2H), 1.87 (m, 1H), .1.79 (m, 2H), 1.46 (m, 
2H). 
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SCHEME 18 
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18-5 



5 



10 



15 




20 4'-Trifluorosulfonvloxv-4-biphenvlnitrile (18-2^ 

A suspension of 4'-hydroxy-4-biphenylnitrile (18:J,) 
(Aldrich) (5^0 g, 25.6 mmol) in 200 mL CH2GI2 was cooled to -40°C 
and treated with 2,6 lutidine (4.5 mL,-38.4 mmol), 4-dimethylamino- 
pyridine (0.625 g, 5.12 mmol) and trifluoromethanesulfonic anhydride 

25 (6.5 mL, 38.4 mmol). The mixture became homogeneous after 

warming to room temperature and was stirred for three hours, then 
coficentrated, adsorbed onto silica and chromatographed eluting with 
10% EtOAc/Hexanes to yield 18-2 as a white solid. Rf 0.3 (10% 
EtO Ac/Hexanes ) . 

30 iH NMR (400 MHz, CDCI3) 5 7.8 (d, 2H), 7.6 (m, 4H), 7.4 (d, 2H). 

(O/ ^°2CH3 



18-3 
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Methyr 4'-CyariQ^4-biphenylcarboxylat^ (1 8-3) . ' 

^ " A solution of l R-2 Vs g. 24.4 mihole) in 60 mL MeOH a^^^ 
35 mL DMSO was treated with triethylamine (7,8 mL, 56 mmol), 
Palladium Acetate (0,164 g, 0.73 mmol) and 1,3-Bis (diphenyl 
phpsphino)propane (0.3 g, 0.73 mmol). Carbon monoxide was;bubbled 
through the solution while the reaction was heated to reflux . for five 
hours. The solvents were removed in vacuo and the residue purified by 
flash chromatography on siHca gel e luting with 10% EtOAc/Hexanes to 
give i8z3. Rf 0.19 (10%; EtdAc/Hex)^^ : . 

iHNMR (300 MHz, CDC13)5 8,2 (d, 2H), 7.8 (rh, 4HJ^ 




NEC— )r^^ y/^'^^z^ 

18-4 



4'-Cyano-4-biphenylcarboxylic acid (18-4) : 

20 Compound 18-3 (3.4 g, 15.1 mmole), and LiOH<'H20 (3.1 

g, 75.5 mmol) were dissolved in THF/MeOH/H20 (30 mL/30 mL/- 
30 mL) and stirred at room ternperature overnight; The solution was 
diluted with EtOAc and washed with 10% KHS04; The organic layer 
was washed with brine, dried over MgS04, filteried and concentrated to 

25 yield 1 8-4 as a white solid. , 

iH NMR (400 MHz, CD3OD) 6 8.1 (d, IH), 7.7 (m, 4H), 7.6 (d, 2H). 
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{ Methyl N-[3-(2(S)-Phenylsulphonylamino)propionate] } -4'-cyano-4- 
biphenylcarboxamide (lR-5) ' 

A slurry of I8d: (1.5 g, 7.1 mmole) and 2:02 (2.0 g, 7.1. 
mmol) in 30 mL acetonitrile was treated with BOP (3.1 g, 7.1 mmol) at 
'0°C. NMM (1.5 mL, 14.2 mmol) was added and the slurry was stirred 
for 16 hours, then diluted with EtOAc and washed successively with 
H2O, 10% KHSO4, H2O, sat. NaHG03 and brine. Concentration of the 
organic layer . and chromatography of the residue on silica gel (elutrng 
with 60% EtOAc/Hexanes) gave 18-5 as a white solid. Rf 0.62 (70% 
EtOAc/Hexanes). 

iH NMR (400 MHz, CDCI3) 6 7.9 (d, 2H), 7.85 (d, 2H), 7.75 (d, 2H), 
7.70. (d, 2H), 7.65 (d, 2H), 7.55 (m, IH), 7.5 (m, 2H), 4.1 (m, IH), 3.85 
(dd, IH), 3.7.(dd, IH), 3.6 (s, 3H), 




{Methyl N-t3-(2(S)-Phenylsulphonylamino)propionate] }-4'-amino- 

methyl-4-biphenylcarboxamide ri8-6') ' ^ 

A solution of 18-5 (0.5 g, 1.1 1 nuhol) in 10 mL MeOH and 

25 0.55 mL concentrated HCl was treated, with 10% Pd/C (0.1 g) and 
hydrogenated under balloon pressure for 16 hours. The solution was 
filtered through celite and concentrated to give 18-6 as a white solid. 
iH NMR, (400 MHz, CD3OD) 5 7.85 (m, 4H), 7.75 (m, 4H), 7.6 (d, 
2H), 7.5 (m, 3H), 4.25 (m, IH), 4.2 (s, 2H), 3.8-3.5 (m, 2H), 3.5' (s, 

30 3H). ... . 



wo 94/12181 . PCT/US93/11623 



' . 134'.- 




N-[3-(2(S)-PhehyIsulphonyIamino)propioriate]-4'-amm^ 

biphenylcarboxamide n8-7) ' 
': .10 A solution of 18-6 T0.5 g, 1.02 mmol) in 6N HCI (5 mL) 

and dioxane (5 mL) wis stiired at room temperamre' for 48 hours, 

concentrated, and cHromatpgraphed on silica gel eluting with 10:1:1 
■ ; as a white'^plid: '7 y • ^ ' "' -'^ 

.^H NMR (400 MHz, D2O + dTFA) 6 7.1^ (d, 2H), 6.85 

15 (d, 2H), 6.(5 (s,5H), 3.6 (m, lH), 3.6 (s, 2H^^^^ IH), 2.8 (dd, IH). 



20 




{Methyl N-[3-(2(S)-Phenylsulphonylamino)propionate] } -4'-amidino-4- 
biphenyl carboxamide 

. ^ A solution of 18-5 (0.2 g, 0;44 mmolX in 10 mL MeOH was 

cooled to -20°C and. saturated with HCI gas and stirred at room 
temperature for 16 hours. The reaction was concentrated, then 
dissolved in 1 0 mL MeOH and treated with NH4CO3 (0.25 g) for 16 
hours. The solution was concentrated and the residue purified by flash 
chromatography eluting with 9:1:1 EtOH/H20/NH40H to give 18-8 as a 
white solid. Rf 0.25 (9:1:1 EtOH/H20/NH40H). : 
iH NMR (400 MHz, CP3OD) 6 7.9 (ni, 8H), 7.8 (m, 3H), 7.5 (m, 2Hj, 
4.2(m, IH), 3.7 (dd, lH), 3.55 (m, IH), 3.5 (s, 3H). . 
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5 




N-[3-(2(S)-Phenylsulphonylamino)propionate]-4'-amidino-4- 

biphenvlcarboxamide (lS-9) - ■ . - 

• A solution of 18-8 (0.2 g, 0.42 mmol) in"5 mL 6N HCI and 
2 mL dioxane was stirred 48 hours at room temperature. An additional 
4 mL of 6N HCI was added and after 26 hours the solution was 
concentrated to yield 18-9 as a white solid. '* 
iH NMR (400 MHz, DMSO) 5 9.5 (s, 2H), 9.3 (s, 2H), 8.7 (m, IH), 8.3 
(d, IH), 8.0 (m, 4H), 7.9 (s,.4H), 8.8 (d, 2H), 7.3 (m, 3H), 4.0 (m, IH), 
3.5 (m, IH), 3.3 (m, IH). 



30 
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SCHEME 19 



L-asparagine 



NaOH, HsQ, PhSOgGI 



10 



O 



CGgH 



NH^OsPli 



15- 



NaOHj dipxane, Brj 

0°C to 90°C : 



20 



NHSOsPh 



19-2 



25 



isobutylene, H2SO4, dioxane 



NHSOgPh 



30 



19-2a 
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• NHSOgPh 
12zl 



N-Phenyl sulf on yl-L-asparagine (19-1) 

To a stirred solution of L-asparagine (Aldricli) (10 g, 76 

10 mmdl), NaOH (3.4 g, 85 mmol), H2O (50 mL), and dioxane (50 mL) at 
q°C was added PhS02Gl (10.6 mL, 84 mmol). After 1 min, NaOH (3.4 
g) in H2O (50mL)- was added and the reaction mixture stirred for 30 
min. The reaction mixture was then concentrated to remove the 
dioxane then washed with EtOAc. The aqueous phase was then cooled 

15 to 0°C and acidified to pH with cone. HCl to effect product 

precipitation. The resulting sohd was collected by filtration, washed 
with H2.O (20 mL) and dried at 50°C under vacuuni to give 19-1 as a 
white solid. Rf 0.40 (silica, 10:1:1 ethanol/H20/NH40H). 
1 H NMR (300 MHz, D2O) 5 7.59 (m, 2H), 7.26 (m, 3H), 3.92 (m, 1 H), 

20 3.02 (m, IH), 2.35 (m, IH). 



H NHSOgPh 



19-2 



2rS)-Phenylsuifonvlamino-3-aminopropionic acid (19-2) . 

To a stirred solution of NaOH (15.6 g, 0.4 mol) in H2O (70 
mL), cooled with an icebath, was added bromine (3.6 mL, 0.07 mol) 
dropwise. After 5'min, a cold solution of 19-1 (14.6 g, 54 mmol) and 
NaOH (4.3 g, 0.1 mol) in H2O (50 mL) was added in one portion. The 
solution was stirred for 20 min at 0°C then 30 min at 90°C. The 
reaction mixmre was recooled to 0°C and the pH adjusted to 7 through 



• : . ■ - 138 - 

dropwise addition of cone. HCL. The white precipitate formed was 
collected by filtration and dried to give 19-2 as a white solid. 
iH NMR (300 MHz, D20) 5 8.00 7.50 (m, 5H), 3.88 (m, lH), 3.37 (m, 

IH), 3.12 (m, IH). 

5 ■ .-■ ■ ■ ■ ' ■ 

HCI-HgN ^>|^ / . 

NHSOgPh 

10 . ... ^ : 19-2a 



tert-Butyl 2(S)-phenylsulfonylamino-3-aminopr6pidnate hydrochloride 
('19-2a^ . _ ^ •■ ■ _ . 

2^ 5 In a Fischer-Porter tube, a niixture of 19-2 ( 1 0.2 g, 42 

. mmol) and DME (150 mL) was sequentially, treated with H2SO4 (6.4 
mL, 0.12 mol), cooled to -78°C, and then condensed with isobutylene 
(75 mL). The cooling bath was rernoved. After 2h, ice/water (250 
mL) was added followed by washing with ether. (2x). The aqueous 

20 phase was basified with aq 6N NaOH, saturated with' NaCl, and 

extracted with EtOAc (3x). The combined extracts were washed with 
• brine, dried (MgS04), and concentrated to give a . white sohd. This was 
dissolved in CHCI3 then treated with IN HGl/ether (22 mL) then . 
concentrated to give 19-2a as a glossy yellow solid. 

25 , iH NMR (400 MHz, DMSO) 5 8.25-8.00 (m, 4H), 7.85-7.58 (m,5H), 
4.08 (m, IH), 3.10 (m, IH), 2.73 (m, IH), 1.17 (s, 9H). 
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SCHEME 19rCONT'D^ 



10 



15 



20 



n(2^(CH2)30H 
19-3 



HO~<^^^)— CO2CH3 

■ ail 

DEAD, PhaP, THF 



N^^>— (CH2)3-0- 




N,^_^(CH2)3-0 
19-5 




CO2H 



BOP, NEtg, DMF 
NHSOgPh 



25 



.N^O)^(CH2)3-0 




O. 



19-6 



CNH ^ ^ 

NHS02Ph 



30 



Methyl 4-r3-(Pvridin-4-vnpropvl6xv1benzoate (19-4) 

' To a stirred solution of 9J, (Aldrich) (2.0 g, 13.2 mmol), 
PPh3 (4.3 g, 16.4 mmol), 12:^ (Aldrich) (2.0 g, 14.5 mmol), and THF 
(60 mL) at ^ambient temperamre was added diethyl azodicarboxylate 
(DEAD) (2.9 g, 2.6 mL, 16.4 mmol) in THF (10 mL) dropwise over a 
5 min period. After stirring ovemight, the reaction mixture was 
diluted with EtOAc and then washed with H2O, sat. NaHC03 and brine, 



wo 94/12181 



PCT/US93/11623 



• ■ - .140 - ' ■ 

dried (MgS04) and concentrated. Flash chromatography (sihca, 50% . 
EtOAc/hexanes) gave 19-4 as a colorless oil. Rf 0.22 (siiic-, 50% 
EtOAc/hexanes). 

1h NMR (300 MHz, CDCI3) 6 8.51 (m, 2H), 8.60 (m, 2H), 7.18 (m, 
^ 2H), 6.89 (m, 2H)., 4.02 (t, J = 7 Hz, 2H), 3.89 (s, 3H), 2.85 (t, J = 7Hz, 
. 2H), 2.15 (m, 2H). 

4-r3-(Pvridin-4-vnpropvloxv1benzoic acid H 9-5^ , 

A solution of (3.2 g, 11,9 nimol), IN LiOH (25 mL), 
^° and THF (50 mL) was stirred Overnight at ambient temperature. After 
20 h, the solution was washed with EtO Ac and then acidified with 1 0% 
KHSO4 to give a suspension of white solid. The aqueous-portion-was 
extracted with CHCIB aM*tfie^ tfie a^^ containing the solid 

was filtered. After drying the solid at 50°C for 3 h, 19-5 was obtained. 
Rf 0.47 (silica, 10/1/1 CH2Cl2yGH30H/AcOH). 
• IH NMRt300 MHz, D2O + K2CO3) 5 8.00 (m, 2H), 7.69 (m, 2H), 
6.68 (m, 2H) 6.53 (m, 2H), 3.50 (m, 2H), 2.23 (m, 2H), 1.55 (m, 2H). 

4-[3-(Pyridin-4-yl)propyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alanine (19-6) : ' . 

. A solution of I9i5. (200 mg, 0.78 mmol), NEt3 (0.22 mL, 

1.5 mmol), and DMF (4 mL) at ambient temperature was treated with 
3OP (345 mg, 0.78 mmol). After 3.0 h, lSiEt3 (0.22 mL, 1;5 mmol) 
and 19-2 (190 mg, 0.78 mmol) were added. After 20 h, the reaction 
mixture was concentrated and subjected to flash chromatography (silica, 
10/1/1 CH2CI2/CH3OH/ACOH) to give impure Jld6 (400 mg). Prep 
HPLC purification (Delta Pak C-18 A column, 0 to 100% CH3CN/H2O 
containing 0. 1% trifluoroacetic acid) gave pure 19-6 as a white soUd 
after lyophilization. Rf 0.74 (silica, 10/1/1 CH2CI2/CH3OH/ACOH). 
^° iH NMR (400 MHz, D2O) 6 8.38 (m, 2H). 7.72 (m, 2H), 7.51 (m, 2H), 
7.33 (m, 2H)V7.28'(m, 3H), 6.93 (m, 2H),4;13 (t, J = 6 Hz, 2H), 3.84 - 
(dd, J,= 10 and.4 Hz, IH), 3.64 (dd, J = 14 and 4 Hz, IH), 3.32 (dd, J = 
1 4 and 10 Hz, 1 H), 2.88 (t, J = 7 Hz, 2H), 2. 18 (m, 2H). 
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SCHEME 20 

CH2OH. 
20-1 

CH2CI2, imidazole, ^BuMe2SiCI 

CHsOSi'BuMeg 
2£tZ 

n-BuLi, THF, -78°C, DMPU 



BOCN 



(CH2)3l 
(20-3 ) 



20 



25 



30 



BOCN 




GHaOSi'BuMeg 
Jones oxidation, acetone, 0°C 



BOCN 



|(^3)^(CH2)3^|PH 
20-5 



CO2H 



HN 

\ 




(CH2)3 
20-6 




O 



II ^/-v^COgH 
CNH-^^ 

H NHSOgPh 
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4-Bromobenzvl alcohol t-butvldimethvlsilvl ether ^20-2^ 

A stirred solution of 20-1 (Aldrich; 3.0 g, 16.0 mmol) in 
CH2CI2 (80 mL) at ambient temperature was treated sequentially with 
imidazole (1.2 g, 17.6 miiiol) and tert-butyldimethylsilyl chloride (2.7 
g, 17.6 mmol). After 1.5 h the reaction mixture was washed with H2O 
and brine, dried (MgS04) and concentrated to give 20-2 as a yellow oil. 
Rf 0.70 (silica, 10% EtOAc/hexanes): 

i H NMR (300 MHz, CDCI3) 5 7".34 (d, J = 8 Hz, .2H), .7.09 (d, J. = 8 Hz, 
-2H), 4.07 (s, 2H), 0.85 (s, 9H), 0.99 (s, 6H). . ' 

4-[.3-(N-Boc-Piperidin-4-yl)propyliberizyl alcohol t-butyldimethylsilyl 
ether r20-4y ' " ■ ■ . > ; 

A stirred solution of 20.2 (401 mg, 1.33 mmol) in THF (13 
mL) at -78 °C was' treated with n-BuLi (0.9 mL, 1.46 mmol; 1.6 
M/hexanes). After 5 min., l,3-dim.ediyi-3,4,5,6,-tetraliydro-2(lH)- 
pyrimidinone (DMPU) (0.32 mL,, 2.7 mmol) was added followed by 
addition of 20zl (471 mg, 1.33 mmol; see European Publication 
478,328 for preparation) in THF (1 mL) after 5 min. The cooling bath 
was. removed after 15 min and the reaction was stirred dvemight. After 
16 hours, the reaction, was diluted with EtOAe and then washed with 
H2O and brine, dried (MgSQ4), and coricentrated. Flash • 
chromatography (silica, 5% EtOAc/hexanes) gave 20-4 as a yellow oil. 
Rf 0.81 (silica, 10% EtOA/hexanes). , 

iH NMR (400 MHz, CDCI3) 5 7-.14 (d, J = 8 Hz, 2H), 7.03 (d, J = 8 Hz, 
2H)i 4.62 (s, 2H), 3.96 (m,;2H), 2.56 (m, 2H)„2.48 (t, J - 7 Hz, 2H), 
1:66-0,90 (m, 9H), 1.36 (s, 9H), 0.85. (s;9H), 0.00 (s, "6H). • 

4-r3-CN-B OC-Piperidin-4-vnpropvnben7oin acid r20-5'> 

To a vigorously stirred solution of 20-4 (230 mg, 0.5 1 
mmol) in acetone (5 mL) atO°C was added Jones Reagent dropwise until 
the color changed from green to orange. The excess Jones Reagent was 
quenched with isopropanbl (1 mL) followed by stirring for 1'5 min. 
The reaction mixmre was diluted with EtOAc and then washed with 
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H2O and brine, dried (MgS04) and concentrated to give 20-5 as a 
yellowish oil. 

. 1 H NMR (400 MHz, CDCI3) 5 8.01 (d, J = 8Hz, 2H), 7.25 (d, J = 8 Hz, 
^ 2H). 4.02 (m, 2H), 2.63 (m, 2H), 1.70-1.00 (m, 9H), 1.42 (s, 9H). 

4-[3-(Piperidin-4^yl)propyl]benzoyl-2(S-)-phenyl-sulfonylamino-p- 

alanine r20-6^ , ■ 

20-5 was treated with 9-12 as described for 18-5 to afford 
the desired ester which was hydrolyzed as described for 18-7 to provide 
^ ° 20:6. Rf 0.4 (silica, ethanol/H20/NH40H 10: 1 : 1 ). 

l.H NMR (400 MHz, D2O) 6 7.59 (m, 2H), 7.32 (d, 2H), 7.17 (m, 5H), 
4.08 (m, IH), 3.62 (dd, IH), 3.30 (dd, IH), 3.20 (m, 2H). 2.77^(m, 2H), 
2.52 (t, 2H), 1.80-1.10 (m, 9H). 
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21-3 



a) O3, CH2CI2/CH3OH, -78°C 

b) NaBH4 



25 



BOCN 




,OH 



\ 



21-4 



2-1, DEADVPPha, THF 



■30 
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I.N NaOH, EtOH 



BOCN 




BOCN 



CO2H 



21:5. 



EDC, DMF. 19-2a 



O 



-0 



0-/O^CNH^^°^^^ 

H NHSOgPh 



21-7 



TFA/CHgClj/anisole 




H NHSOaPh 



21-8 



30 



N-Boc-4-Hvdroxvpiperidme (21-2) 

A stirred, solution of 21-1 (9.4 g, 93 mmol), dioxane (100 
mL), and 8% Na2C03 (100 mL) at ambient temp, was treated with 
BOC2O (23 g, 0.1 1 mmol). The reaction was continued for 30 min. 
while maintaining the pH at 8-10 with addition of Na2C03. The 
dioxane was then evaporated and the residue diluted with H2O and 
extracted with EtOAc (2x). The combined extracts were washed with 
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brine, dried (MgS04), and concentrated to give 21:2 as an off-white 
solid. Rf 0.25 (silica, 50% EtOAc/hexanes). ' 
iH NMR (400 MHz, CDCI3) 5 3.85 (m, 3H), 3.01 (m, 2H), 1.85 (m, 
"2H), 1.46 (m, 2H), ■1.44 (8, 9H). 

3-rrN-Boc-Piperidin- 4-vnoxv1pr6pene (2 ] -3'> 

To a suspension of NaH (0.48 g, 1 1.9 mmol; 60% 
dispersion) in dry DMF (50 mL) at 0°C was added a solution of 21-2 
(2.0 g, 9.9 mmol) in DMF (15 mL). After 10 min, the cooling bath was 
removed, but then returned after another 10 min, followed by addition 
of allyl bromide (4.3 mL, 50 mmol). After 1.5 h, the reaction was : 
quenched with 10% KHSO4 and then diluted with H26 (90 mL). The 
reactiori mixture was extracted with EtOAc, the layers separated, and 
JtheiEtQAc portion washed with HsQr^.% KHSO4, sat. NaH803 and 
brine, dried (MgSD4) and concentrated. Flash chromatography (silica. • 
20% EtOAc/hexanes) gave 21-3 as a yellowish oil. Rf 0.47 (sihca, 20% 
EtOAc/hexanes). , . 

iH NMR (400 MHz, CDGI3) 5.5,92 (m, lH), 5.28 (m, IH), 5.17 (m, 
IH), 4.02 (m, 2H), 3.79 (m, 2H), 3.50 (m, IH), 3.08 (m, 2H), 1.82 Cm, 
2H), 1.51 (m,2H) ,1,45 (s, 9H). , 

2-rrN-Boc-Piperidin-4-vn6xv1ethanol (2 1 -4V 

Ozone was bubbled into a solution of 21-3 (1 .5 g, 6.4 
mmol) in 2:1 CH3QH/CH2CI2 (102 mL) at -78°C. After 5 min.no 
starting material remained so oxygen was bubbled through the solution 
for 15 rnin to remove excess ozone; NaBH4 (1 .7 g, 45 mmol) was 
added and the cooling bath remoyed. ^ After 1 h the reaction mixture 
was concentrated. The residue was diluted with H2O (30 mL) and then 
extracted with CHCI3 (300 mL). The organic phase was washed with 
brine (30 mL), dried (MgS04), and concentrated. Flash 
chromatography (silica, EtOAc) gave 21-4 as a nearly colorless oil. Rf 
0.42 (silica, EtOAc). : ; ' . , 

iH NMR (400 MHz, CDCI3) 5 3.75 (m, 4H), 3.59 (m, 2H); 3.50 (m, . 
IH), 3.08 (m, 2H), 1.84 (m, 2H), 1.53 (m, 2H),.1.46 (s, 9H). 
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Methyl 4-r2-(T^-Boc-Piperidin-4-vloxv)ethvloxv1benzoate (21-5) 

A stirring solution of 9:1 (0.80 g, 5.2 mmol), PPh3 (1.7 g, 
6.5 mmol), and THF (20 inL) at ambient temperature was treated 
^ dropwise with a sqlution of 21-4 (1 .3 g, 5-2 mmol), DEAD (1 .0 mL, 
6.5 mmol) and THF (20 mL). After addition was complete the reaction 
mixture was stirred for 20 hours at ambient temperature. The reaction 
mixture was then diluted with EtOAc and washed with H2O, sat. 
NaHCOs, 5% KHSO4 and brine. Drying (MgS04), concentration, and 
then flash chromatography (siHca, 30% EtOAc^exanes) gave 21-5 as a 
colorless oil. TLC Rf = 0.29 (siUca, 30% EtOAc/hexanes); 
1 H NMR (300 MHz, CDCI3) 5 7.99 (d, J = 1 1 Hz, 2H), 6.93 (d, J = fl 
Hz, 4.17 (m, 2H), 3.88 (s, 3H), 3.82 (m, 2H), 3.78 (m, 2H), 3.56 (m? 
IH), 3.10 (m, 2H), 1.85 (m, 2H), 1.55 (m, 2H), 1.46 (s, 9H). . 

4-r2-rN-Boc-Piperidin-4-vloxy>ethyloxy1benzoic acid (21-6^ 

A solution of 21-5 (1.6 g, 4.1 mmol), ethanol (41 mL), and 

IN NaOH (21 mL) was stirred at ambient temperature for 20 hours. 

The reaction was then concentrated and the residue dissolved in H9O 
20 • ■ 

and then washed with ether. The aqueous phase was acidified with 5% 

KHSO4 and then, extracted with EtOAc. The EtOAc portion was 

washed with 5% KHSO4 and brine, dried (MgS04), and concentrated to 

furnish 21-6 as a white solid. TLC Rf = 0.68 (sihca, acetone); 

iH NMR (300 MHz, CDCI3) 5 8.05 (d, J = 1 1 Hz, 2H), 6.95 (d, J = 1 1 

Hz, 2H), 4.18. (m, 2H), 3.85 (m, 2H), 3.78 (m, 2H), 3.57 (m, IH), 3.12 

(m, 2H), 1 .85 (m, 2H), 1 .55 (m, 4H), 1 .46 (s, 9H). 

4-[2-CN-Boc-Piperidin-4-yloxy)ethyloxy]benzoyl-2(S)-phenyl- 

sulfonylamino-p-alanine tert-butvl ester (21-7) 

A stirring solution of 21-6 (100 mg, 0.27 mmol), DMF 
(1.5 mL), NMM (105 ^iL, 0.96 mmol), 19-2a (86 mg, 0.29 mmol), and 
HOBT (48 mg, 0.36 mmol) at 0°C was treated with EDC (68 mg, 0.36 
mmol) followed by removal of the cooling bath. After 20 h the 
reaction mixture was diluted with EtOAc and then washed with H2O, 
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5% KHS04, sat. NaHCOs and brine, dried (MgS04), arid concentrated. 

Flash chromatography (silica, 65% EtOAc/hexanes) gave 2J£7 as an oil. 

TLF Rf = 0.38 (silica, 65% EtOAc/hexanes); ' 
. [ l.H NMR (300 MHz, CDCI3) 6 7.86 (m, 2H), 7.76 (d, J = 1 1 Hz, 2H), 
^ 7.52 (m, 3H), 6.93 (d, J = 1 1 Hz, 2H), 6,63 (m, IH), 5.68 (d, J = 8 Hz, 

IH), 4.15 (m, 2H), 3:95-3.70 (m, 6H). 3.55 (m, 2H), 3.10 (m, 2H), 1.85 
* (m, 2H), 1.57 (m, 2H), 1.45 (S, 9H), 1.28 (S, 9H), . 

4-[2-(Piperidin-4-yloxy)etiiyloxy]benzoyl-2(S)-phenylsulfonylamino-p- 
alanine 121-8;) ; . \ 

A solution of 21-7 (168 mg, 0.26 mmol), anisole (56 mg, . 
0.52 mg), CH2CI2 (1.3 mL), and TFA (1 .3 mL)" was stirred at ambient 
temperature for l5 min. Concentration and then flash (Chromatography 
r n ^^^l^^^^iica^ 10:0:0.8 eth£mol/NH40«/H2Q) gaye:21-8 as a white^pfiii; 'TLC 
Rf - 0,32 (silica, 10:0.8:0.8 ethanol/NH40H/H20); Rf 0.46 (silica, , 
10/0.8/0.8 ethanol/NH40H/H20) 
. 1.H NMR (400 MHz, D2O) 5 7,77 (m, 2H), 7.57 (m, 2H), 7.39 (m, 3H), 
7,04 (m, 2H), 4.30 (m, 2H), 4.25 (m, IH), 3.95 (m, 2H), 3.86 (m, IH), 
3.79 (dd, J = 14 and 4 Hz, IH), 3:48 (dd, J =16 and 10 Hz) IH, 3,38 . ' 
(m, 2H), 3.13 (m, 2H), 2.14 (m, 2H); 1.86 (m, 2H). 
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SCHEME 22 



HCI-HN (CHgCHaCOg -t- 
22il(Aldrich) 



BOC-N N 



22-3 



H2N— ^Q)— CO2CH3 
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a) n-butanol, A 

b) DMF, NEta, BOCgO 

CO2CH3 



1N NaOH, ethanpl, 40°C 



BOC-N 




CO2H • 
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NMM, CH3CN 



BOC-N N 




CNH 
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NHS02Ph 
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22:^ ■ ■■' 

■ TFA/CH2GI2 




? r^ Methvl 4-CN-Boc-N'-piperazinvHbenzoate (22-3^ ■ ■"■MiiyoiMHrfi 
V - .i..^ A.mixture-G^=22:J, (24 g,^ 13.2^mmol); g2:^ (2;0 g, 

. .liimol), ap^d mL) was refluxed:for3 days.^^ T^^^ 

15 reaction mixture was then filtered to give the crude pheriylpiperazine as 
a white solid. The crude solid was dissolved in DMF, and treated with 
' diisopropylethylamine (2.1 mL, 40 mmol) and B0C2O (1.6 g, 20 
mmol). After 1.0 h the reaction mixture was diluted with EtOAe and 
- then Washed with H2O, sat. NaHCOs, 10% KHSO4 and brine, dried 
20 (MgS04), and concentrated. Flash chromatogfaphy (silica, 10% • 

EtOAc/hexanes;): gave 22-3 as a white solid. TLC Rf = 0.34 (silica, 20% 
EtOAc/hexanes); 

iH NMR (300 MHz, CD3OD) T^QQ (d, J = 11 Hz, 2H), 6.96 (d, J = 1 1 

Hz, 2H), 3.87, (s, 9H), 3.60 (m, 4H), 3.33 (m, 4H); 1:50 (s, 9H), ' 
25 / .. , : . " - ■ ^ ■ ■ ■/ 

4-(N-Boc-N'-DiperazinvDbenzoic acid (22-4) , . 

V . A mixture of 22^ (700 mg, 2.2 mmol), IN NaOH, and 

ethanol (10 mL) was heated at 40°G for 4 hours. The cooled reaction 

mixture was acidified with 10% KHSO4 and then extracted with EtOAc. 
30 The organic portion was washed with brine, dried (MgS04) and 

concentrated to give 22-4 as a white solid. TLC Rf = 0.80 (silica, 

.10:0.5:0.5 CH2CI2/CH3OH/ACOH); 

1 H NMR (400 MHz, GD3OD) 5 7.92 (d, J = 1 1 Hz, 2H), 7.01 (d, J = 1 1 
Hz, 2H), 3.62 (m, 4H), 3.34 (m, 4H), 1.52 (s, 9H). ' 
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4-(N-Boc-N'-Piperazmyl)benzoyl-2(S)-phenylsulfonylamino-p-alanine 
tert-butvl ester (22-5) 

A mixture of 22-4 (300 mg, 1 .0 mmol), 19-2a (329 mg, 
1.0 mmol), NMM (430 |iL, 4.0 mmol), and CH3CN (5 mL) at ambient 
temperature was treated with BOP. (650 mg, 1.5 mmol). After 20 h the 
reaction mixture was diluted with EtOAc and then washed with 10% 
KHSO4 and brine, dried (MgS04) and concentrated. Flash 
chromatography (silica, 40% EtOAc/hexanes) gave 22-5 as a white 
solid. TLC Rf = 0. 1 6 (silica, 40% EtO Ac/hexanes); 
^ ° 1 H NMR (300 MHz, CD3OP) 5 7.75 (m, 2H), 7.60 (d, J = II Hz, 2H), 
7.40 (m, 3H), 6.88 (d, J = ,1 1 Hz, 2H), 4.03 (m, IH), 3.50 (m, 4H), 3.30 
(m, 6H), 1.44 (s,.9H), 1.16 (s,9H). 

4-(N-Piper azinvnbenzovl-2r.SVphenvlsulfonvlamino-p-alanine (22-6^ 

A solution of 22::5 (300 mg, 0.51 mmol), TEA (4 mL), and 
CH2Ci2 (4 mL) was stirred at ambient temperature for 3;0 hours. The 
solution was then concentrated followed by azeotropic removal of 
residual TEA with toluene. The residue was* triturated with (10:1:1 
ethanol/NH40H/H20), filtered, and dried in vacuo to give 22-5 as a 
^° white solid. TLG Rf= 0.37 (silica, ethanol/NH40H/H20 10:1:1). 

i H NMR (400 MHz, CD3OD) 5 7.85 (m, 2H), 7.77 (d, J = 11 Hz, 2H), 
7.50 (m, 3H), 7.20, (d, J = 11 Hz, 2H), 4.26 (m, IH), 3.80-3.45 (m, 
lOH). 



30 
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Et2N(CH2)20— .;/-C02H 
23-2 



4-r2-(N.N-Diethvlamino)ethvloxv1benzoic acid (23-2') 

A solution of 4-hydroxybenzoic acid (Aldrich) (10 g, 72 
mmol) in DMF (100 mL) was treated with NaH (50% dispersion in oil, 
10.4 g, 216 mmol) and N,N-diethylchloroethyiamine»HCl (Aldrich) 
(12.5 g, 72 mmol) at room temperature for 24 h. The solution was 
concentrated, the residue was dissolved in water, acidified to pH2, and 
extracted with 4x 100 mL EtOAc. The organic layers were 
concentrated to give the bis.-alkylated product as a white solid which was 
dissolved in water (30 mL) and dioxane (50 mL) and treated with 5.4 g 
NaOH. After 24 h the solution was concentrated and the residue was 
chromatographed (40: 1 : 1 EtOH/H20/NH40H) to give 23-2 as a white 
solid. Rf (40: 1 : 1 EtOH/H20/NH40H) 0.24 

IH NMR (300 MHz, D2O) 5 7.9 (d, 2H), 7.0 (d, 2H), 4.35 (m, 2H), 
3.50 (m, 2H), 3.22 (m, 4H), 1.35 (m, 6H). 



C02tBu 
NHSOsPh 




4-[2-(N,N-Diethylamino)ethloxy]ben2oyl-2(S)-phenylsulfonylamino-p^ 

3Q alanine t-butyl ester (23-3) 

A solution of 23-2 (0.6 g, 2,5 mmol) in DMF (10 mL) was 
treated with carbonyldiimidazole (0.49 g, 3 mmol) for 30 minutes, 
followed by 9-12 (0.85 g, 2.5 mmol) and N-methylmorpholine (0.84 
mL, 7.6 mmol). The solution was stirred at room temperature for 24 
h, then concentrated, adsorbed to silica and chromatographed (80% 
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acetone/hexanes) to give 23::3 as a white solid. . 
acetone/hexanes) 0.37 

1 H NMR (300-MHz, CDCI3) 5 82 (d, 2H), 7.7 (m, 4H), 7.5 (d, IH), • 
7.41 ..(d, 2H), 6.8 (d, 2H), 4.08 (m, 3H), 3.78 .(m, 2H), 2.9 (t, ,2H), 2.65 
-(q, 4H), 1.25 (s, 9H); 1.4 (t, 6H). : . ' . 



O 

10 . . -N^^H^ 

23-4 ■ NHSOgPh 



4-[2^(-N,NTDieth-y lammo^eth 

alanine r23-4) V; ■ ' . ■ ■ - . ' ■ ' 



■is 



20 



A solution of 23-3 iii EtOAc (10 mL) wastcooled to, -78°C, 
saturated with HCl gas and wanned to 0°C for 1 h. The solution was . 
concentrated and the residue was purified by preparative HPLC to give 
23-4 as a white solid (TFA salt). • . 

iH NMR (300 MHz, P2O) 6 7.72 (d; 2H), 7.55 (d, 2H), 735 (m, 3H), 
■7.0 (d, 2H), 4.20 (bs, 2H), 4.16 (dd, IH), 3.72 (dd, IH), 3.6 (bs, 2H), ■ 
3.4 (dd, IH), 3.14 (m, 4H), 1.3 (m, 6H). 
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CI(CH2)4Br 
24-1 (Aldrich) 



+ HO--(^^)— CP2CH3 

9-1 (Aldrich) 
CS2CO3, DMF 



CI(CH2)40— 0^"^ 



24-2 



,CI(CH2)40. 




IN NaOH, ethanoi;60°C 



CO2H 



24-3 



19-2a; BOP, NMM, CH3CN 



CI(CH2)40- 



O 

/^V-CNH' 



.COs'Bu 



H NHSD2Ph 



24-4 



25' 
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SCHEME 24 CONT'n 
. 24-4 . 

morpholine, DMF, 80°C 




CNH' 



-NHSOsPh 



TFA. CH2QI2 




-N-(CH2)40 




o- 

II 

C.NH- 
- • -H- -NHS02ph 



-CO2H 



24-6. 



Methvl 4-f 4'-Chlnrnhiltvloxv')benzoate (24-2) 'J ' 

A stirring solution of (^.0 g, 13.1 mmol), 24-1- (4:5 g, 
26.2 .mmol) and DMF at ambient temperature was treated with CS2CO3 
(6.4 g, 20 mmol). After 1.0 hour the reaction mixture was diluted with 
EtOAc and then washed with H2O, 10% kHS04 and brine, dried 
(MgS04), and conGentrated. Flash chromatography (silica, 10% 
EtOAc/hexanes) gave. 24-2 as a colorless oil. TLC Rf=0.58 (silica, 20% 
EtOAc/hexanes); 

iH NMR (300 MPiz, CDCI3) 6 7:99 (d, J=llHz, 2H), 6.90 (d, J= 1 IHz, 
- 2H), 4.06 (m, 2H), 3.89 (s. 3H),, 3.62 (m, 2H), 1.98 (m, 2H). 

-4-(4-Ch]n robutvloxv')benzoic acid (24-3') 

A mixture of 24^ (3.0 g, 12.4 mmol), IN NaOH (30 mL), 
and ethanol. was heated at 60°C for 1.0 hour: The cooled reaction 
mixture was acidified with 10% kHS04 and then extracted with EtOAc. 
The EtOAc portion was washed with brine, dried (MgS04) and 
concentrated to give 24-3 as a white solid. 

IH NMR (300 MHz, CD30b) 5 7.98 (d, J = UHz, 2H); 6.98 (d, J = 
MHz, 2H), 4.07 (m, 2H), 3.63 (m, 2H), 1.94 (m, 4H). 
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4-(4-Chlorobutyloxy)benzoyI-2(S)-phenyIsulfonylamino-p-alanme tert- 

butvlester (24-4) \ 

A stirring solution of 24-3 (250 mg, 1 . 1 mmol), 19-2a (368 
mg, l.Tnimol), NMM (442 mg, 4.4 mmol), and CH3CN (5 mL) at 
ambient temperature was treated with BOP (483 mg, 1.1 mmol). After 
20 h the reaction mixture was diluted with EtOAc and then washed with 
H2O, sat. NaHC03, 10% ICHSO4 and brine, dried (MgS04) and 
concentrated. Flash chromatography (silica, 40% EtOAc/hexanes) gave 
24-4 as a white solid. TLC Rf = 0.46 (silica, 50% EtOAc/hexanes); 
iH NMR (300 MHz,' 10% CD3OD/CDCI3) 6 7.85 (m, 2H), 7.76 (d, J = 
1 IHz, 2H), 7.52 (m, 3H), 6.92 (d, J = 11 Hz, 2H), 4.06 (m, 2H), 3.99 
(m, IH), 3:82-3.60 (m, 4H), 1.99 (m, 4H), 1.26 (s,. 9H). 

^ ^ 4-[4(N-Morpholino)butyloxy)benzoyl]-2(S)-phenylsulfonyl£miino-p- 

alanine tert-butyl ester (24-5) ; - 

A stirring solution of 24-4 (500 mg. 1.0 mmol), 
morpholine (437 ^iL, 5.0 mmol), and DMF (5 mL) was heated at 80°C 
for 20 hours. The cooled reaction mixture was diluted with EtOAc and 

20 

then washed with H2O and brine, dried (MgS04) and concentrated. 
Flash chromatography (siUca, EtOAc) gave 24-5 as a yellow solid. 
TLC Rf 0.14 (silica, EtOAc); 

iH NMR (300 MHz, CD3OD,) 5 7.83 (m, 2H), 7.74 (d, J = 1 1 Hz, 2H), 
7.50 (m, 3H), 6.96 (d, J =11 Hz, 2H), 4.10 (m, 3H), 3.73-3.40 (m, 8H), 
2.45 (m, 4H), 1:90-1.65 (m,4H), 1.26 (s, 9H). 

4-[4-(N-Morpholiiio)butyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alanine (24-6) ■ ■ 

A solution of 24-5 (430 mg, 0.76 mmol), TFA (5 mL), and 
CH2CI2 (5 mL) was stirred at ambient temperature for 3.0 hours. 
Concentration of the reaction mixture followed by azeotropic removal 
of residual TFA with toluene gave crude 24-6 . Flash chromatography 
(silica, 10:0.1:0,1 ethanol/H20/NH40H) gave 24-6 as a white solid. 
TLC Rf = 0.52 (silica, 10:0.1:0.1 ethanol/NH40H/H20); 
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iH NMR (400 MHz, D20) 5 7.68 (d, J = 10 Hz, 2H), 7,48 (d- J = 11 Hz; 
2H). 7.30 (m, 3H), 6.96 (d, J = 11 Hz, 2H), 4.08 (m, 3H),, 4.00-3.00 (m, 
lOH), I.80 (m,4H)V , • ' ' 



15 




N 

<Q 

N 

H . 

25-1 



SCHEME 25 

C02Et /j. Organic ChemistryA 
- 55, 5125, 1990 

V Bashkin, et aL ; 7 



NaH.THF ."benzyl bromide' . 



COaEt 




25-2 



20 



25 




9-1 . PhaP, DIAD, THF 



30 



PCT/US93/11623 



- 159 



SCHEME 25 CONT'D 




CO2CH3 



25-4 



1N NaOH. CH3OH 
O— a^V-COgH 



25-5 



•I 9-2a . EDC, HOBT, NMM. DMF 



0-<( ))— CNH^ X 



25-6 



TFA/CH2CI2 
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Ethvl rN-BenzvIimidazol-4WDacetate (25-2) 

To a magnetically stirred suspension of NaH (1.1 g, 26 
mmol) in THE (25°C) at d°G was added 25-1 r3.8 g. 24.6 mmol) in THE 
(15 niL) dropwise over 30 min., followed by removal of the cooling 

2Q bath. After 3 hours benzyl bromide (2.8 rnL, 23.4 mmol) added. After 
20 hours the mixture was diluted with CH2CI2 and then washed with 
H2O, dried (MgS04) and concentrated. Flash chromatography (silica, 
40% (GHCl3/NH3)/EtOAc) gave 25:^ as a pale yellow liquid. TLC Rf . - 
= 0J5 (silica, 40% (GHCl3/ra3)/EtOAc); ; . 

25 iH NMR (300 MHz, CDGI3) 5 7.47 (s, IH), 7.40-7,15 (m, 5H), 6.87 (S, 
IH), 5.07. (s, 2H), 4.26 (q, J = 7 Hz: 2H), 3 .63 (s, 2H), 1 .26 (t, J = 7 Hz, 
3H). ' . . ■ r ■ ^ , - ' ■ ' ' ■■ - 

(N-Benzylimidazol-4-vnethanol (25-3V 
30 . A solution of 25-2 (4.6 g. 18.8 mmol) in THE (50 mL) at 

ambient temperature was treated dropwise with LiAlH4 (9.4 mL, 9.4 
mmol,TM in THE). After stirring for 1 hour the reaction was 
quenched with a saturated sodium potassium tartrate solution. The 
. mixture was then poured into EtOAc and washed with H2O and brine, 
dried (MgS04) and concentrated to yield 25-3 as a yellow oil. 
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iH NMR (300 MHz, CDCI3) 5 7.45 (s, IH), 7.40-7.10 (m, 5H), 6.68 (s, 
IH), 5.03 (s, 2H), 3.88 (t, J =6 Hz, 2H), 2.78 (t, J = 6 Hz, 2H). 

^ Methvl 4-(2-(>J-Benzvlimidazol-4-vnethvloxv1benzoate ^25-4^. 

A stirring solution of 9JL (152 mg, 1.0 mmol), PPh3 (341 
mg, 1.3 mmol), and THF (20 mL) at ambient temperature was treated 
dropwise with DIAD (256 fiL, 13 mmol), 25-3 (202 mg, 1.0 mmol), 
and THF (10 mL) over 30 mill followed by heating at 7()°C for 24 
hours. The cooled reaction mixture was concentrated and then 
chromatographed (silica, 40% (CHCl3/NH3)/EtOAc) to give 25-4 as a 
colorless gum. TLC Rf = 0.16 (silica, 40% (CHCl3/NH3/EtOAc); 
iH NMR (300 MHz, CDCI3) 5 7.96 (d, J =1 1 Hz, 2H, 7.48 (s, IH), 
7.40.7.10 (m, 5H), 6.90 (d, J, =11 Hz, 2H), 6.74 (s, IH), 5.05 (s, 2H), 
4.28 (t, J =7 Hz, 2H), 3.85 (s, 3H), 3.06 (t, J = 7 Hz, 2H). 

4-r2-(N-Benzvlimidazol-4-vnethvloxv1benzoic acid (25-5) 

A inixture of the ester 25-4 (170 mg, 0.5 1 mmol), CH3OH 
(10 mL), and IN NaOH (5 mL) was stirred for 20 hours at ambient 
temperature. The cooled reaction mixture was acidified with IN HCl (5 
mL) and extracted with EtOAc. The EtO Ac portion was concentrated 
to give 25-5 as a gelataneous solid. 

iH NMR (300 MHz, CD3OD) S 7.90 (d, J = 11 Hz, 2H), 7.67 (s, IH), 
7.40-7.20 (m, 5H), 6.95 (s, IH), 6.88 (d, J =11 Hz, 2h), 4.23 (t, J = 6 
25 Hz, 2H), 2.98 (t, J = 6 Hz, 2H); 

4-[2-(N-Benzylimidazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 

amino-P-alanine tert-butyl ester (25-6') ■ 

A stirring solution of 25-5 (147 mg, 0.46 mmol), 19-2a 
3Q (154 mg, 0.46 mmol), HOST (94 mg, 0.62 mmol), NMM (100 yiL, 0.91 
mmol), and DMF (120 mL) at 0°C was treated with EDC (1 18 mg, 0.62 
mmol) and tthe cooling bath removed. After 24 hours the reaction 
mixture was concentrated. Flash chromatgraphy (sihca, CH2CI2, 
CH3OH/ACOH 9:0.5:0.5) gave 2^:6 as a pale yellow solid. TLCRf = 
0.35 (silica, 8:1:1 CH2CI2/CH3OH/ACOH); 



wo 94/12181 



PCT/US93/H623 



■ : • • , - ■ :. - ■■> 162- ; :" ^ ■ ; ; - 

^HNMR(300MHz, CDCl3) 5 7.87 (m,2H),7.73 (d, J= 11 Hz, 2H), 
■ 7.60-7.10*(m, 6H), 6.92 (d, J = 11 Hz, 2H), 6.75 (s, IH), 6.59 (m, IH), 
5.67 (m, IH), 5.07 (s, 2H), 4.27 (t, J = 6 Hz, 2H), 3.90 (m, 2H), 3;56 . 
. ^ (m, lH),3.05 (t, J = 6 Hz, 2H), 1.28 (s, 9H). , , . . / 

4-[2-(N-Benzylimidazol-4-yl)ethyloxy]benzbyJ-2(S)rph^ 

amino-p-alanine (25-7) . 
; - Utilizing the procedure for converting 24-5 to 24-6 , 25-6 

(252 mg. 0.42 mmol) gave 25-7 as a colorless solid aftter 

ehromatography (silicavethan61/NH40H/H20, 9:0 

1 H NMR (300 MHz, CD3OD) 6 7 .99 (s, 1 H), 7.84 (m, 2H), 7.73 (d, J = 
- " ^^ 'U Hzr2H^v 7^5-7^5-(m, 8H), 7^:08 (s^,TOi; 6v93^(dv J = 1 ^ Hz, 2H)v 
, 5.;22.(s, 2H), 4.23 (t,.J = 6 Hz, 2H), 3.90-3 ■50' (m, 3ii), 3.04 (t, J = 6 • 

■■ Hz, 2H): : v;,: ■ - -^^ ' ■ 

' 4-ii2-(Imidazol-4-ylethyloxy]benzoyl-2(S)^phehylsulf6nylamino-(5- 
alanine (25-8) ■ 

■ A mixture of 25-7 (94 mg. 0.17 mmol). 10% Pd/C (94 
2^ nig), and 4% formic acid/CHsOH (50 mL) was stirred under a . 
, hydrogen atmosphere at ambient temperature for 4 days. Filtration, 

concentration of the filtrate, and the flash chromatography (silica, 
.10:1:1 ethanol/H20/NH40H) gave 25^ as a solid. TLG Rf = 0.3 1 

; (silica, 10:1:1 ethanol/NH4QH/H20); - ^ 
25 ;^H NMR (400 MHz, CD30D).5 7:86 (m, 3H), 7.77 (d, J =11 Hz, 2H), 

7.50 (m, 3H), 7.03 (s, IH), 6.98 (d, J = 11 Hz, 2H), 4.28 (t, J = 6 Hz, 
- 2H), 3.80-3.50 (m, 3H), 3.1 2 (t, J = 11 Hz,^^^^^^^ 
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9-1 . PhgP, DIAD.THF 



N 

CH3 
26-1 



{CH2)30- 



•C02CH3 



1N NaOH, CH3OH 



^J^^(CH2)3Q 

N . 
CH3 

26-2 
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26-2 . 



9-12, HOBT. EDC, NMM, DMF 



N 
CH3 



26-3 



6N HGI, dioxane 



Jfei-(CH2)30 




N' 

■OH3 



26-4 



20 



Methyl 4-r3-('l-Methv limidazovl-4-vnDropvloxv1benznate (26-1 ^ 

Utilizing the procedure for converting 25-3 to 25-4 . 35-5 
(743 mg, 4.9 mmol) was converted to 26-1 after flash chromatography 
(sihca, 40% (CHCl3/NH3)/EtOAc). TLC Rf = 0.15 (silica, 40% 
. , /(CHCl3/NH3)/EtOAc); '. 
P 1 H NMR (300 MHz„CDCl3) 6 7.99 (d; J =' 1 i Hz, 2H), 7.33 (s, IH), 

6.91 (d, J=l 1 Hz, 2H),6.62(s,.lH),4.05(t, J = 6Hz,2H),3.88(s, 
3H), :3.62 (s,3H), 2.76 (t, J = 6:Hz, 2H), 2.1^^ : . 



30 



4-r3-( 1 -MethvIimida7. ovl-4-vnpropvloxv1benzoic acid (26-?) 

' Utilizing the procedure for converting 25-4 to 25-5 . 26-1 
(420 mg, 1 .5 mmol) furnished 26-2 as a colorless solid. 
iH NMR (300 MHz, CD3OP) 5 8.77 (s, IH), 7.97 (d, J = 1 1 Hz, 2H), 
7.35 (s, IH), 6.96 (d, J = 11 Hz, 2H), 4.13 (t, J = 6 Hz, 2H), 3.88 (s 
3H), 2.93 (m, 2H), 2.17 (m, 2H). 
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4-[3-(l-MethyIiinidazoyl-4-yl)propyloxy]benzpyl-2(S)- 

phenvlsulfonvlamino-p-alanine methvl ester (26-3) 

Utilizing the procedure for coupling 25-5 and 19-2a to 
^ fiirnish 25-6 . 26-2 G IO mg, 1.2 mmol) was coupled to 2^12 (351 mg, 
1.2 mmol) to afford 26-3 as a cream^colored solid after flash 
chromatography (silica, 95% (CHCl3/NH3)/CH30H); TLC Rf = 0.21 
(silica, 95% (CHCl3/NH3)/CH30H); 

1 H NMR (300 MHz, CDCI3) 6 7.82 (m, 2H), 7.69 (d, J = 1 1 Hz, 2H), 
^° 7.50 (m, 3H), 7.36 (s, IH), 7.02 (m, IH), 6.84 (d, J = 1 1 Hz, 2H), 6.62 . 
(s, IH), 4.13 (m, IH), 4.00 (t, J = 6 Hz, 2H), 3.85-3.60 (m, 2H), 3.62 (s, 
3H), 3.57 (s, 3H), 2.72 (m, 2H), 2.13 (m, 2H). 

4-[3-( 1 -Methylimidazoyl-4-yl)propyloxy]benzoyl-2(S)-phenylsulfony 1- 
amino-p-alanine r26-4'> ' ' 

A solution of 26-3 (560 mg, 1.1 mmol), dioxane (25 mL), 
and IN HCl (25 mL) was. stirred for 24 hours at ambient temperature. 
Concentration and then flash chromatography (silica, ethanol/- ^ 
NH40H)H20 9:0.5:0.5) gave 26:4 as a solid. TLC Rf = 0.29 silica, 
^° 9:0.5:0.5 ethanol/-NH40H)H20. 

1h NMR (300 MHz, CD3OD) 5 8.11 (s, IH), 7.85 (m, 2H), 7.74 (d, J = 
11 Hz, 2H), 7.50 (m, 3H), 7.06 (s, IH), 5.93 (d, J = 11 Hz, 2H), 4.07 (t, 

J = 6 Hz, 2H), 3.90-3.50 (m, 3H), 3.75 (s, 3H), 2.80 (m, 2H), 2.13 (m, . 
,2H). 

, 25 
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27-1 • 



Methvl 4-r(3-chloropropvDoxv1ben2oate (27-1) 

A solution of Methyl 4-hydroxy benzoic acid (23::2) 
(Aldrich) (4:56 g, 30 mmol) in DMF (100 mLj was treated with 
GS2CO3 (14.67 g, 45 mmol) at room temperature. After 0.5 hours, 3- 
bromo-l-chloropropane (5.94 ihL, 60 mmol) was added and the 
solution was stirred for 4 hours. The reaction mixture was filtered and. 
concentrated to give 27-1 as a white solid. Rf (10% EtOAc/hexanes) 
0.36. 

iH NMR (400 MHz, CDCI3) 5 8.0 (d, 2H), 6.9 (d, 2H), 4.17 (t, 2H), 
3.88 (s, 3H), 3.75 (t, 2H), 2.26 (m, 2H). 




27-2 



Methvl 4-r3-n-ImidazolvDj3ropvloxv1benzoate (27-2) 

A solution of imidazole (2.38 g, 34.6 mmol) in DMF (30 
mL) was treated, with NaH (1.38 g, 34.6 mmol, 60% dispersion) and the 
mixture was heated to 100°C for 20 minutes. A solution of 27-1 (7:5 g 
34.6 mmol) in 5 mL DMF was added and the reaction was heated 
(100°C) for 5 hours. The solvent was removed in vacuo and the residue 
was dissolved in water and extracted with eHCl3. The organic layers 
were washed with water, dried (Na2S04), concentrated, and 
chromatographed using a gradient (CHCI3— >3% CH3OH/CHCI3). The 
compound was further purified by medium pressure HPLC to give 27-2 
as a. yellow oil. Rf (3% CH3OH/CHCI3) 0. 10. 

1h NMR (300 MHz, CDCI3) 5 8.0 (d, 2H), 7.99 (s, IH), 7.08 (s, IH), 
6.90 (m, 3H), 4.2 (t, 2H), 3.96 (t, 2H), 3.90 (s, 3H), 2.26 (m, 2H). 
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■ 27-3 '. ■ ■ 

4-r3-ri -Imidazolvnpropvloxylbenzoic acid r27-3) . ' ' 

A solution of 27-2 (5.0 g, 19.2 mmol) in EtOH (100 mL) 
was treated, with IN NaOH (20.2 mL) for 20 hours. The solution was 
concentrated and 27-3 was used.without further purification: Rf (9:1:1 
CHCls/GHsOH/HOAc) 0.27. 

iH NMR (400 MHz, DMSO) 5 7.82 (d, 2H), 7.62 (s, IH), 7.20 (s, IH), 
6,88 (s, IH), 6.83 (d, 2H), 4.14 (t, 2H), 3.90 (t, 2H), 2.18 (m, 2H). 



15 



NQN-(CH2)30 



'27-4 




COgt-Bu 
NHSOgPh 



20 



25 



4-[3-(l-Imidazolyl)prop.yloxy]benzoyl-2(S)-phenylsulfonylamino-p- 
alanine trbutvl ester Y27-4') 



30 



A solution' of 27-3 (0.6 g, 2.44 mmol) in CH3CN (20 mL) 
was treated with 9-.12 Y0.74 g. 2.44 mmol), BOP reagent (1.08 g, 2.44 
mmol) aiid N-methylmorpholine (1.2 mL, 11 mmol) at room 
temperature for 24 hours. The reaction was concentrated and 
chromatographed (5% CH3OH/CHCI3 saturated with NH3) to give 27-4 
as a colorless oil. Rf (10% CH3OH/CHCI3 samrated with NH3) 0.59. 
iH NMR (300 MHz, CDCI3) 6. .7.90 (d, 2H), 7.82 (d, 2H), 7.6 (m, IH), 
7.55 (m, 3H), 7.1 (s, 1H),.6.95 (m, 3H), 6.7 (m, IH), 5.75 (m, IH), 
.4.24 (t, 2H), 4.0 (t, 2H), 3.93 (m, 2H), 3.6 (m, lH), 2.3 (m, 2H), 1.34 
(s, 9H). ■ 



NQN-(CH2)30 
27-5 




CO2H 
NHSOgPh 
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4-[3-(l-Imidazolyl)propyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alanine (27-5) '■ ' 

A solution of 27-4 ( 1 .2 g, 2.27 mmol) in EtOAc ( 1 5 mL) 
was cooled to -78°C and saturated with HCl gas. This solution was 
warmed to 0°C for 1 .5 hours, degassed with argon and concentrated to 
give a colorless oil, which was chromatogriaphed (10:0.5:0.5 
EtOH/H20/NH40H) to give 27::5 as a white solid. 
iH NMR (CD3OD) 5 8.32 (s, IH), 7.84 (d, 2H), 7.78 (d, 2H), 7.52 (m, 
IH), 7.46 (m, 3H), 7.28 (s, IH), 6.94 (d, 2H), 4.38 (t, 2H), 4.06 (t, 2H), 
3.93 (dd, IH), 3.68 (dd, IH), 3.52 . (dd, IH), 2.35 (m, 2H), 



. ^^N-(CH2)20— — CO2CH3 
15 . 27-6 ^ 

Methvl 4-(2-Pvrrolidinvlethvloxv)benzoate (27-6) 

Compound 23-2 (2 g, 11.8 mmol) and chloroethyl- 
pyrrohdine»HCl (Aldrich) (1.8 g, 11.8 mmol) were treated with NaH 
20 (0.94 g, 23.6 mmol) in DMF (30 mL) as described for 27-1 to give 
27-6 as a clear oil. Rf (10% MeOH/CHCl3 saturated with NH3) 0.4 
1h NMR (300 MHz, CD3OD) 5 7.95 (d, 2H), 7.0 (d, 2H), 4.18 (t, 2H), 
3.85 (s, 3H), 2.92 (t, 2H), 2.65 (m, 4H), 1.8 (m, 4H). 



(2^N-(CH2)20— <^>— CO2H 
27-7 

4-f2-rPvrrolidinvl)ethyloxy1benzoic acid (27-7) 

Compound 27-6 (1.5 g, 6.0 mmol) was treated with 6N HCl 
for 48 hours at room temperature and 60°C for 2 hours. The solvent 
was removed to give 27-7 as a white solid. 

iH NMR (400 MHz. D2O) 5 7.86 (d, 2H), 6.94. (d, 2H), 4.3 (m, 2H), 
3.55 (m, 4H), 3.05 (m, 2H), 2.02 (m, 2H),. 1.9 (m, 2H). 
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N-(CH2)20--<I^>--^^ 

■27-8 ■ NHSOsPh 

t-Butyl 4-[2^(Pyrrolidinyl)etiiyioxy]benzoyl-2(S)-phenylsulfon 
B-alanine t-butvL ester (27-8) . ^ 

; , 2l-7<I;^^ g, S.O .mmol) and (0.7 g, 3 mmol) were 
treated with BOP reagent (1.3 g, 3 inmol) and ISf-methylmorpholine 
mL, 9.0mmoi) in CH3CN (15 mL) as." described for 27-3 to give 27-8 . 

... RfX50%,EtOAc/CHa3 samrated .with NH3-) 0.29. . 

. iH NMR (400 MHz, DMSO) 5 7.75 (m, 4H)v7.5 (m, 3H), 6.98 (d, 2H), 
4.08 (t, 2H), 4.01 (dd, IH), 3.52 (t, 2H), 3.42 (m, IH), 3.38 (m, IH), 
2.78 (t, 2H), 2.5 (m, 4H), 2.05 (m, 4H), 1.2 (s, 9H). 




.COgH ■ 

20 \,„.,-~. 27-9. ~ " /' ; "NHSOgPh : ■ 

4-[2-(Pyn-olidinyI)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-p- 
alariine C27-9) ; 

A solution of 27-8 (1.0 g, 2.0 mrnol) was dissolved in 
2 5 EtO Ac (7 mL) and treated with HCl gas as described for 27-5 . The 
crude product was purified by preparative HPLC to give 27-9 as the 
TFA salt. Rf ( 10:0.5:0.5 EtOH/NH40H/H20) 0;20. 
1h NMR (400 MHz, 020) 5 7.62 (d, 2H), 7.44 (d, 2H), 7.3 (m, 3H), 
6,9 (d, 2H), 4.28 (m, 2H), 4.06 (m, IH), 3.65.3.55 (m, 5H), 3.3 (m, 
30 IH), 3.08 (m,2H), 2,05 (m, 2H), 1.9 (m,2H). , , 
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rN-Benzvloxvcarbonvl-4-piperaiz;invnphenol 28-2 

4-Piperazinyl phenol (Schweizerhall, 5 g, 30.5 mmol) was 
dissolved in THF (150 mL), treated with diisopropylethylamine (12.2 
mL, 70.0 nunol), and cooled to 0°C. Benzylchlorofonriate (4.4 mL, 
30.5 mmol) was added and the reaction was allowed to warm to room 
temperature and stir overnight. The solution was diluted with EtOAc, 
washed with water and brine, dried over MgS04, filtered and " 
evaporated to give a brown oil. Column chromatography (Si02, 40% 
EtOAc/hexanes) gave 28-2 as a white solid. Rf (40% EtoAc/hexanes) 

034.' - ? --'-^-T' ^ 

iH NMR (400 MHz, CDCI3) 6 7:4-7.3 (m, 5H), 6.8 (d, 2H), 7.75 (d, " 
2H), 5.1 (s, 2H), 3.65 (m, 4H), 3.0 (m, 4H). 

t-Butyl 2-(S)(t-Biitoxycarbonylamino)-4-[4-(N-benzyloxycarbonyl- 

piperazinvlYphenoxvlbutanoate ^28-4) 

A solution of NaH (2.5 g, 60% dispersion in mineral oil, . 

1.5 mmpi) in -DMF (5 mL) was treated with 28;2, (220 mg, 0.7 mmol) 

and stirred for 10 minutes. /A solution of 28-3 (JAGS, 1990, 112, 760) 

(0.2 g, 0.59 mmol) in DMF (2 mL) is added dropwise over 5 minutes. 
20 " • ' ' . 

The dark red solution was stirred for 1 hour, then diluted with EtOAc, 

washed with 10% KHSO4 and' brine, dried over MgS04, filtered and ^ 

evaporated to yield a tan oil. Column chromatography (Si02, 30% 

EtOAc/hexanes) gave 28-4 as a colorless oil. Rf (30% EtOAc/hexanes) " 

0.3. ' , ■ ; .„ ■ ■'. ■ V. ' " 

iH NMR (400 MHz; CDCI3) 5 7.4-7.3 (m,5H), 6:86 (d,2H), 6.81 (d, 
, 2H), 5.22 (bs, IH), 5.15 (s, "2H), 4.34 (m, IH), 3.95 (m, 2H), 3.64 (m, 

4H), 3.0 (m, 4H), 2.26 (m, IH), 2.14 (m, IH), 1.46 (s, 9H), 1.43. (s, 
• 9H). ■ ' •,, . •; 

3 0 ' 

- 2-(S)-Amino-4-[4-(N-benzyloxycarbonyl piperazinyl)phenoxy]butanoic 
acid r28-5^ ' ' . -'. 

A solution of 28di (1:0 g, 1.8 nlmol) in 10 mL EtOAc was 
cooled to -40°C arid saturated with HCl gas. The solution was warmed 
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to 0°C, then concentrated to give 28-5 as a tari' solid. Rf ( 1 0: 1 : 1 
EtOmi20/NH40H) 0.18. 

iH NMR (400 MHz, CD3OD) 5 7.6 (d, 2H), 7.4-73 (m, 5H), 7.13 (d, 
2H), 5.15 (s, 2H), 4.2 (m, 2H), 3.95 (bs, 4H), 3.6 (m, 4H), 2.4 (m, 2H). 

5 ■ ' ' ' , ■ ■ ■ I 

2(S)-(Benzenesulfonylamino)-4-[4-(N-benzyloxycarbonyI piperazinyl)- 

phenoxvlbutanoic acid ^28-6) : , — '. 

' A solution of 28-5 (0.97 g, 2.2 mmol) in H2O (26 mL) was 
cooled to 0°C and treated with IN NaOH (2.6 mL) and dioxaiine (13 

^° mL). The solution was treated simultaneously with benzenesulfonyl 
chloride (0.56 mL im 1.5 mL dioxane, 4.4 mmol) and IN NaOH so that 
the pH of the solution remained >10. The reaction was stirred for 1 
hour at 0°C, tiien treated in a similar manner with another portion of 
benzene sulfonyl chloride, and stirred for 1 hour. The solution was 
diluted with 10% KHSO4 and washed with EtOAc. The organic layers 
were dried (brine, MgS04), filtered arid evaporated to give a tan oil. 
Column chromatography (9:0.5:0.5 CH2Cl2/MeOH/HOAc) gave 28^6 as 
a white solid. Rf (9:0.5:0.5, CH2Cl2/MeOH/HO Ac) 0.26. 
, IH NMR (400 MHz, CP3OD) 6 7.8 (d, 2H), 7.42-7.25 (m, 8H),-6.9 (d, 

^° 2H), 6.7 (d, 2H), 5.12 (s, 2H), 4.03 (dd, IH), 3.85 (m, 2H), 3.6>(bs, 
4H), 3.0 (4H), 2.18 (m, IH), 1.95 (m, IH). 

2(S)-Phenylsulfonylamino-4-(4-piperazinylphenoxy)butanoic acid 

(28-7^ - ' ■ — — 

~ Compound 28-6 (0.4 g, 0.7 mmol) was treated with 29% 
HBr/HOAc for 25 minutes, then concentrated to give a yellow oil. 
Column chromatography (10:0.5:0.5 EtOH/NH40H/H20) gave pure 
28-7 . Rf (10:0.5:0.5 EtOH/H20/NH40H) 0.17. 
iH NMR (400 MHz, D2O) 5 7.66 (d, 2H), 7.23 (m, 3H), 7.19 (d, 2H), 
^° 6.74 (d„2H), 4.02 (m, IH), 3.8 (m, IH), 3.7 (m, IH), 3.6 (m, 4H), 3.5 
. (m, 4H), 2.2-1.8 (m, 2H). • 
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4-fN-methyl piperazinynphenol (29-3) 

' In separate dropping funnels, 29J, (5.8 g, 30 mmol) in 100 
mL acetone and 29-2 (3.27 g, 30 mmol) in 100 mL acetone were added 
over a period of L5 hours to a reaction vessel containing 160 mL H2O 
and 120 mL acetone at reflux 30 minutes after addition was completed 
the acetone was removed jn vacuo and the aqueous phase was basified 
with bicarbonate, saturated with NaCl and extracted with EtOAc, The 
organic layer was evaporated to give a brown-orange solid. Column 
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chromatography (Si02, 15% CH30H/CHCl3>gave 29^ as a yellow 
solid. Rf (20% CH3OH/CHCI3) 0.38. 

iH NMR (300 MHz, GDCI3) 5 6.8 (d, 2H), 6.7 (d, 2H), 3.1 (m, 4H), 2.6 

(m,4H), 2.3 (s, 3H). 

5. " 

t-Butyl 2(S)-t-Butyloxycarbonylammo-4-[4-N-methylpiperazinyl)- 

phenoxylbutanoate (29-4) . 

To a suspension of NaH (0.09 g, 3.75 mmol) in DMF (8 
mL) was added 29-3 (0.3 g, 1.65 mmol). After 10 minutes of stirring, 
^° 28-3 rO.5 g. 1.5 mmol) was added and the reaction was stirred 

overnight. The solution was diluted widi EtOAc, washed with 10% 
KHSO4 and brine, dried (MgS04) filtered and evaporated. Column 
chromatography (SiOl, 5% CH30H/EtOAc) gave 29-4 as a white solid; 
Rf (10% CH30H/EtOAc) 0.43. 
• iH NMR (400 MHz, Cb30D) 5 6.94 (d, 2H), 6.85 (d, 2H), 4.22 (dd, 
IH), 3.98 (m, 2H), 3.1 (m, 4H), 2.66 (t, 4H), 2.37 (s, 3H), 2.22 (m, 
IH), 2.0 (m; iH), 1.46 (s, 9H), 1.41 (s, 9H), 

2(SVAmino-3-r4-rN-methvlpiperazinvl)phenoxylbutanoic acid (29-5) 
. ^° A solution of 29z4 (0.06 g, 0.12 mmol) in EtO Ac (3 mL) 

was cooled to -40°C and samrated with HCl gas. The solution was 
warmed to 0°C, then concentrated tp yield 29-5 as an off-white solid; 
Rf ( 1 0:0. 1 :0. i ) EtOH/NH40H/H20) 0.42. 

iH NMR (300 MHz, GDCI3) 5 6.99 (d, 2H), 6.85 (d, 2H), 4.1 (m, 3H), 
3.55 (m, 4H), 3.0 (m, 2H), 2.9 (s, 3H), 2.3 (m, 2H). . 

2(S)-3-Pyridylsulfonylamino-4-[4-(N-niethylpiperazinyi)- 

phenoxylbutanoic acid (29-6) . 

A .solution of 29^5 (0.05 g, 0.15 mmol) in H2O (4 mL) was 
- ° cooled to 0°C and treated with IN NaOH (0.3 mL) and dioxane (2 mL).. 
3-pyridylsulfonyl chloride (JOG, 1989, 54. 389) (0.03 g, 0.15 mmol) 
was added, along with enough IN NaOH to keep the pH of the reaction 
greater than 10. The reaction was concentrated and chromatographed 
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: (Si02, 10:0.1 :0.1 Et6H/H2Q/NH40H) to give 2M. as an off-white 
solid. Rf ( 10:0. 1:0.1 )EtOH/H20/NH40H) 0.79. . 
1h NMR (400 MHz, CD30D),6 8.8 (s, IH): 8.5 (d, IH), 8.1 (d, IH), 
7.28 (m, IH), 6.85 (d, 2H), 6,7 (d, 2H), 3.85-3.8 (m, 3H), 2.8 (s, 3H), 
2.18 (m, IH), 1.85 (m-, lH). ' • • 



IG ' 



1'5 



20 
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Methvl 4r4-chlorobut-2-envloxvtbenzoate (30-2) 

A solution of 9ii (1 .2g, 8 mmol) and 1 ,4 dichloro 2-butene 
(L6 hiL, 17 mmol) ( 30- n (Aldrich) in DMF (30 mL) was treated with 
Cs2G03 (3.9g, 12 mmol) for 24 h. TTie solvent was removed in vacuo 
• and the residue chromatographed (10% EtOAc/Hexanes) to give 30-2 as 
a white solid. Rf (20% acetone/hexane) 0.42. " 
i H NMEL (300 MHz, CDCl3)-5 8.1 (d, 2H), 7.0 (d, >2H), 6.1 (s, 2H), 4.7 
(s; 2H),;4.2 (m, 2HX 3.98 (s, 3H): 

. Methvl. 4-r(4-Pvrrolidiiivl-but-2-envnoxv1l1benzbate (30-3^ 
^ -^^^ .^^ in BMF (15 mL) - - 

was treated with, pyrrohdine (2.4 mL; 29 ituiiol) and heated at 80° G for 
78 h. The solvent was removed in vacuo and the residue was absorbed 
onto Si02 and chromatographed (Si02, 0-7% CH3OH in CH2CI2 to 
give 30^3 as a yellow oil. Rf (10% CH3OH/CH2CI2) 0.24. 
1,H NMR (300 MHz, GDCI3) 6 8.0 (d, 2H), 6.9 (d, 2H)., 6.0 (m, 2H), 4.6 
(d, 2H), 3.85. (s, 3H), 3.28 (d, 2H), 2.7 (m, 4H), 1.85 (m, 4H). 

4-r(4-Pvrr olidinvlbut-2-envnoxv1benzoic acid (30-4) 

A solution of 30-3 (1.14 g, 4.14 mmol) in 6 N HCl (30 
mL) was heated at 60°C for 24 h. The solution wds concentrated and 
the residue was chromatographed (Si02, 9:1 : 1 EtOH/H20/NH40H) to 
give a dark yellow oil. The HCl salt was prepared by dissolving the oil 
in CH2CI2 and adding 1 M HCl/Et20. The solvents were removed and 
the residue washed with Et20 to give 30-4 as an off-white sOHd. Rf 
(9: i : 1 EtOH/H2b/NH4OH)0.2, 

4-[(4-Pyrrolidinylbut-2-ertyl)oxy]benzoyl-2(S)-phenylsulfonylamino-P- 

alanine t-butvl ester (30-5) '. ■ . 

. ; A suspension of 30-4 (0.77 g. 2.6 mmol) in DMF n mT A 
was treated with N^methyl morpholine (1,5 mL, 14 mmol), CDI (0.5 g, 
3.1 mmol) and 19-2a (1.0 g, 3.2 mmol): Concentration and chromato- 
graphy (Si02, 5% CH3OH/CH2CI2), followed by separation by 



preparative HPLC (reverse phase) gave 30-5 as the TFA salt. Rf (10% 
CH3OH/CH2.Cl2)0.19. 

4.[(4.pyrrolidinylbut-2-enyl)oxy]benzoyI-2(S)-phehylsulfonylamino-p- 

alanine (30-6) ■ : 

The compound 30^5 (0.22 g, 0.43 mmol) was treated with 
6N HCl (20 mL) for 24 h at room temperature and 1.5 h at 60°C. 
Concentration of the solution and chromatography of the residue (Si02, 
9:1 : 1 EtOH, H2O, NH4OH) gave 30-6 as a white solid. Rf (9: 1 : 1 
EtdH/H20/NH40H) 0.69. , ; 

iH NMR (300 MHz, D2O) 5 7.72 (d,.2H), 7.55 (d, 2H), 7.5 (m, 3H), 
7.0 (d, 2H), 6.2 (m, IH), 5.9 (m, IH), 3.85 (dd, IH), 3.8 (d, 2H), 3.6 
(m, 3H), 3.45 (m, 2H), 3:38 (dd, IH), 3.0 (m, 2H), 2.0 (m, 4H). 
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3-[(N-Boc-Piperidm-4-ylmethyl)ammocarbonyl]benzoyl-2(S)-3- 

pyridvlsu1fonvlamino-P-alanine methvl ester (31-1) 

Treatment of M. with CDI, 6^2 and 9-13 as described for 
1-2 gave 31-1 after column chromatography (60% acetone/hexanes). 
^ iH NMR (300 MHz, CDCI3) 5 9.0 (s, IH), 8.64 (d,lH), 8.14 (s, IH), 
8.07 (d, lH), 7.9 (d, IH), 7.8 (d, 2H), 7.4-7.3 (m, 3H), 4.33 (m, IH), 
4.1-4.0 (bd, 2H), 3.9-3.65 (m, 2H), 3.57 (s, 3H), 3.2 (bs, 2H), 2.6 (m, 
2H), 1,8-1.6 (m, 3H), 1.43 (s, 9H), 1.2-1.0 (m, 2H). 

^° 3-[(N-Boc-Piperidin-4-ylmethyl)aminocarbon>Jl]benzoyl-2(S)-3- 

pvridvlsulfonvlamino-P-alanvl-glvcine benzvf este r (31-21 

: A solution of IL: 1(0.7 5 g, 1.5 mmol) in 1:1:1 

THF/MeOH/H20 (15 mL) was treated with LiOH»H20 (0.37 g, 8.8 
mmol). After 45 min. the solution was concentrated, diluted with 
water, washed with EtO Ac. The aqueous layer was acidified to pH 2-3 
with 10% KHSO4 and extracted with EtO Ac. The organic layer was 
dried (Na2S04), filtered and evaporated to give an acid which was 
dissolved in acetonitrile (3 mL) and treated with glycine benzyl 
ester-HCl (0.1 g, 0.5 mmol), N-methylmorpholine (0.1 1 mL, 0.98 

^° mmol), and BOP reagent (0.26 g, 0.58 mmol) for 24 h. The solution 
was concentrated, dissolved in water and EtO Ac and the layers 
separated. The organic layer was dried (Na2S04), filtered and 
evaporated. Column chromatography (Si02, 70% acetone/hexanes) 
gave 31-2 as a white solid. 

iH NMR (300 MHz, CDCI3 + CD3OD) 5 8.98 (s, IH), 8.43 (d, IH), 8.1 . 
(d, IH), 7.95 (m, 2H), 7.78 (d,. IH), 7.4-7.3 (m, 5H), 7.2 (m, 2H), 5.1 
(s, 2H), 4.18 (dd, IH), 4.05 (m, 2H), 3.7 (dd, IH), 3.55 (dd, IH), 3.3 
(m, 2H), 1.8-1,7 (m, 3H), 1.43 (s, 9H), 1.15 (m, 2H). 

3-[(Piperidin-4-ylmethyl)aminocarbonyl]benzoyl-2(S)-3-pyridyl- 

sulfonvlamino-p-alanvl-glvcine (31-3) . - 

Compound 31 -2 (0.12 g) was treated with 6N HCl for 24 h. 
The solution was concentrated and chromatographed (Si02, 9:1:1 
Et0H/H20/NH40H) to give 31-3 as a white solid. 
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iH NMR (300 MHz, D2O) 6 8.84.(s, IH), 8.3 (m, IH), 8.19 (d, IH), 7.9 
(rii, 2H); 7.7. (d, IH), 758 (t, iH), 735 (m, IH), 4.28 (dd, lH), 3.78 
(Si 2H), 3.5-3.35 (m, 6H), 3.0 (t, 2H), 2.0 (m; 3H), 1.5 (m,2H). 

5 ' . ■ . ■ ' ' ' ■■ • ■ ■ 



15- 



20 



25 



30 



PCTAJS93/11623 



183 - 



SCHEME 32 



CH3O 




32-1 




COg^Bu 



HNSOgPh 



32-2 





NH - . . 
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HNSbgPh 

32-7 



4<Meth5fIoxycarbonyI)beiizoyl-2(S)-phenylsulfonyIammo-p-alanm t- 
butvl ester r32^2^ ' ' V . ■ 

A slurry of mono-methyl terephthalic acid G2-1 . Aldrich) 
(0.25 g, 1,4 mmol) and 19-2a (0.5 g, 1.4 mmol) in acetonitrile (7 mL) 
Hvas ^reated;witK N-meth>^l^l^^ 
reagent (0.62 g, 1.4 mmpi) for 24 h. The solution \yas diluted with 
EtOAc, \yashed with H2O, 10% iCHS04, saturated NaHCOs and brine. 
The organic layer was dried over MgSC)4v filtered and evaporated to 
give a tan solid; Column chromatography (40% EtOAc/Hexanes) gave 
32-2 as a white solid ^ 

iH NMR (400 MHz,.CDCl3) 5 8.1 (d, 2H), 7.8 (m, 4H), 7.59 (m, IH), 
7.50 (m, 2H), 6.8 (m, IH), 5.6 (d, IH), 3.98-3.9 (m, 2H), 3.95 (s, 3H), 
3.55 (m, IH), 1.29 (s,9H). 

.4-(Carboxyl)benzoyl-2(S)-phenylsulfonylamino-p-alaiiine t-butyl ester 
(32-3) ' ■ " ■ • ■ 

■ A solution of 32-2 (0.58 g, 1 .25 mmol) in 1 : 1 : 1 
THF/MeOH/H20 is treated with LiOH (0. 1, 1.25 mmol) for 2 h. The 
reaction was diluted with 10%"KHS04 and. extracted with EtOAc. The 
organic layer was washed with H2O, brine, dried over MgS04, filtered 
and evaporated to give 32-3 as a white solid. 
1h NMR (CD3OD, 400 MHz) 5 8.09 (d, 2H),-7.85 (m, 3H), 7.5 
(m, 4H), 4.13 (dd, IH), 3.7 (m, IH), 3.52 (m, IH), 1.23 (s, 9H). . 

n-t-Butoxvcarbonvlamino-2-amino)e thane (32-4) .. 

A solution of ethylenediamine (Aldrich) 18 g, 0.3 mol) in 
CHCI3 (300 mL) was treated dropwise with a solution of BOC 
anhydride (13.1 g, 0.06 mole) in CHCI3 (100 mL) oyer 1 ,h, then stirred 
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overnight. The reaction was filtered and the filtrate concentrated to 
give 32-4 as a. viscous, colorless oil: 

iH NMR (300 MHz, CCDI3) 5 4.9 (bs, IH), 3.15 (m, 2H), 2.28 (m, 

2H), 1.43 (s, 9H), 1.1 (bs, 2H). 

5 . • . ■ 

4-[2-(N-Boc-Amino)ethylaminocarbonyl]benzoyl-2(S)-phenylsulfonyl- 

amino-P-alanine t-butyl ester (32^5) ; 

A solution of 32i3 (0.5 g, 1.1 mmol) and 32-4 (0.26 g, 
1.67 mmol) in acetonitrile (8 mL) is treated with N-methylmorpholine 
^° (0.18 mL, 1.67 mmol) and BOP reagent (0.74. g, 1.67 mmol) for 24 h. 
The solution is diluted with EtOAc, washed with H2O, 10% KHSO4, . 
sat. NaHC03, brine, dried over MgS04, filtered and evaporated. 
Column chromatography (80% EtOAc/Hexanes) gave 32-5 as a white 
soHd. Rf (80% EtOAc/Hexanes) 0.22. ^ 
iH NMR (400 MHz, CDCI3) 5 7.7-7.6 (m, 6H), 7.5 (m, IH), 7.55 
(m, IH), 7.45 (m, 2H), 7.35 (m, IH), 5.2 (m, IH), 4.0 (dd, IH), 3.8 
(m, 1H),.3.67 (m, IH), 3.52 (m, 2H), 3.4-3,3 (m, 2H), 1.42 (s, 9H), 
1.27 (s,9H). 

4-[(2-Ammoethyl)ammocarbonyl]benzoyl-2(S)-phenylsulf^^ 

alanine (32-61 ' ' 

A slurry of 32-5 (0.62 g, 1.05 mmol) in EtOAc (15 mL) 
was cooled to -40°C and saturated with HCl gas. The reaction was 
, warmed to O^C, then concentrated to yield 32-6 as a white soHd. 

iH NMR (400 MHZ/CD3OD) 5 7.9-7.6 (m, 6H), 7.6-7.4 (m, 4H), 4.21 
(dd, IH), 3.75 (dd, IH), 3.67 (m, 2H), 3,5 (m, IH), 3.2 (m, 2H). 

4-[(2-Guanidinoethyl)aminocarbonyl]ben2oyl-2(S)-phenylsulfonyl- 

amino-p-alanine (32-7) " 

A solution of 32^ (0.56 g, 1.2 mmol) in 1:1 DMF/H2O (8 
. mL) was treated with diisopropylethylarnine (0.63 mL, 3.6 mmol) and 
N-amidinoimidazole (Fluka, (0.26 g, 1.8 mmol^) and heated to 40''C for 
4.5 h. Column chromatography (10:0.2:0.2 EtOH/H20/NH40H, 
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followed by 10:1 :1 EtOH/H20/NH40H) gave 32£7. Rf (10:1:1 
EtOH/H20/NH40H) 0.10. 

iH-NMR (400 MHz, DMSO) 5 8.8 (m, 2H), 8.4 (s, IH), 7.91 (d, 2H), 
7,78 (d, 2H), 7.75 (d, 2H), 7.5 (m, 7H), 7.0 (bs, lH), 3,45-3.2 (m, 7H). 



SCHEME 33 : ■ 

In order to prepare [3-(AzetidinyO 
carbonyl-2(S)-phenylsulfonylainino-j3-alanme, 

' ""^n/ H NHSOgPh 



15 



..." _ • ; :■ ■ . . 

a procedure similar to the procedure followed in Scheme 9 was used, 
substituting with N-BOC-Azetidui-3-ylethyl iodide (33-6). . 
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PhgCH— N^^^^OH 
22:1 



a) CH2CI2, oxalyl chloride, 
DM SO, NEta 

b) Ph3P=CHC02Et 



PhgCH — N • 
33-2 




COgEt 



10% Pd/C HCOgH, CH3OH 



HCO2H * HN 




COgEt 



22z2. 



BOCN 



BOC2O, DMF, NEtg 



CdgEt 




33-4 



BOCN 



.LiBH4, EtgO 



OH 




22^ 



WP.MlAlSi. . ... PCT/yS?3/11623: 



. - 18;8 - 
. I2,. PPhg, imidazole, CHgCN 




' 33-2 



15 N^Diphenvlmethvl-3-rcarb6ethoxvmethvlidineV3-azetidine C33-2') 

To a solution of oxalyl chloride (0.10 mL, 1.1 mmol), in 
GH2CI2 (4.7 mL) at'-78°C was added DMSO (0. 1 2 mL, 1 .7 mmol) 
dropwise. ' After gas evolution subsided (~5 min), a solution of 33-1 
(for preparation see; JOC, 37, 3953, 1972 A.G. Anderson, R. Lok) 

20 (0.20 g, 0.84 mniol) in GH2CI2 (1.5 mL) was added' After 30 min., 
NEt3 (0.40 mL, 2.8 riunol) was added and after 10 min: the cooling 
bath removed. After 20 min. TLC analysis indicated no starting 
material remained: The ylide (0.32 g, 0.92 mmol) was then added and 
the reaction stirred for 20 h. The reaction rnixture was diluted with 

25 pet. ether and then washed with H2O, 5% KHSO4, and brine, dried 
(MgS04), and concentrated. Flash chromatography (siUca, (15% 
EtO Ac/hex) gave 3322 (0.14 g) as a colorless oil. Rf 0.43 (silica, 15% 
jEtOAc/hexanes). 

iH NMR (300 MHz, CDCI3) 5 7.50-7.10 (m, lOH), 5.65 (m, IH), 4.52 
30 (s, IH), 4.16 (m, 2H), 4.14 (q, J = 7 Hz, 2H), 3.89 (m, 2H), 1.22' 
(t, J= .7 Hz, 3H). 
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15 



20 



1 89 - . 

3 



HCOgH^HN 




COgEt 



22i2 

Ethvl Azetidin-3-ylacetate»formate (33-3) 

A mixture of 31:2 (3.2 g, 10.3 mmol), 4.4% 
'HCO2H/CH3OH (317 mL), and 10% Pd/C (0.63 g) was stirred under a 
hydrogen atmosphere (1 atm) at ambient temperature. After stirring 
over the weekend the reaction mixture was filtered through a celite pad 
and the filtrate concentrated to give 33-3 as a colorless oil as used 
directly for the next reaction. 

Ir NMR (300 MHz, CDCI3) 6 9.90 (bs,- 2H), 8.37 (s, 2H), 4.19 (m, 
2H), 4.17 (q, J = 7Hz, 2H), 3.89 (m, 2H), 3.26 (m, IH), 2.72 (d, J = 8 
Hz, 2H), 1.26 (t, J = 7 Hz, 3H). 




BOC-N 

■COgEt 



22=4 



Ethvl N-BOC-azetidin-3-vlacetate (33-4) 

25 A stirred solution of 33^ (10.3 mmol), DMF (50 mL), and 

NEt3 (5.0 mL, 36.0 mmol) at 0°C was treated with BOC2O (2.5 g, 11.3 
mmol) followed by removal of the cooling bath. After 20 h, the 
reaction mixmre was diluted with EtOAc and then washed with H2O, 
5% KHSO4, sat. NaHC03, and brine, dried (MgS04), and concentrated. 

30 Flash chromatography (silica, 30% EtOAc/hexanes) gave 33-4 (1,0 g) as 
a colorless oil. Rf 0.44 (silica, 30% EtOAc/hexanes). 
1hNMR(300MHz, CDCl3) 5 4.13(q,J = 7 ^z, 2H),4.01 (m, 2H), 
3.60 (dd, J = 9, 6 Hz, IH), 2.88 (m, IH), 2.61 (d, J = 8 Hz, 2H), 1.44 (s, 
9H) 1.25 (t, J = 7 Hz, 3H). 
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BOC-N ■ 




OH 



33-5 



N^BOC-A7,etidin-3-vlethanoi r33-5Y ■ ^ 

A stirred solution of 33-4 /0.96 g, 3.9 mmol) in ether (20. 
mL) at ambient temperature was treated with LiBH4 (0.34 g, 15 8 

quenched with 5% KHSO4 (10 mL) and then diluted with EtOAc The 
organic phase was washed with 5% KHSO4 and brine, dried (MgS04); 
and concentrated td give 33-5 (().79.g) as a colorless oil.. Rf 0.46 (silica, 
EtOAc). . ' 

1h NMR (300 MHz, CDCI3) 54.04 (m, 2H), 3.70-3.50 (m,, 4H), 2.63 ' 
(m, IH), 1.83 (m, 2H), 1.44 (s, 9H). 



N-BbC-Azetidin-3-vlethvl iodide r33-6Y 

A stirred solution- of 33^5 (0.78 g, 3.8 mmol), PPh3 (1.1 g, 
4.3 mmoi), imidazole (0.40 g, 5.8 mmol), and CH3CN (20 mL) at 0°C 
was treated with iodine (1.0 g, 4.3 mmol). After 15 min the cooling 
bath was removed and stirring continued. for 5 h. The reaction mixture 
was then diluted with H2O and extracted with hexanes (5x25 mL then ' 
4x50 mL). The combined extracts were dried (MgS04) and 
concentrated. Flash chromatography (silica, 20% EtOAc/hexanes) gave 
33^ (0.99 g) as a colorless oil. Rf 0.44 (silica, 20% EtOAc/hexanes). 
1h NMR (400 MHz, CDGI3) 6 4.04 (t, J = 7 Hz, 2H), 3.57 (dd,' 2H), 
3.10". (t,-2H), 2.64 (m, IH), 2.16 (q, 2H), 1.43 (s, 9H). 



-SOC-N • 




22± 
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Substituting 3326 for 1-4 in Scheme 9, 33-7 is formed. 
SCHEME 34 

In order to prepare 4-[3-(Azetidin-3-yl)propyloxy]benzoyl- 
2(S)-phenylsulfonylamino-(3-alanine 



" - .COOH 




H NHSOsPh 
34-7 

15 • ■ • . 

a procedure similar to the procedure followed in Scheme 33 may be 
used, substituting 33-5 with 3-(N-BOC-Azetidin-3-yl)propanoI (34-6 ). 
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2±1 



10 



15. 



20 



25 



CH2CI2, DMSO, oxalyl chloride, EtgN 



-nO=( 



PhaCH-N >=0 



THF, -78°C, n-BuLi, 
Br'Pha +P-(CH2)3-0-THP 



PhgCH-N 




OTHP 



34-3 



CICH2CH2CI, 1 -chldroethyl- 
chloro.formate 



HCI*HN 




34-4 



30 



wo 94/12181 



PCTAJS93/11623 . 



- 193 - 



34-4 



BOC2O, NEt3, DMF 



10 



15 



BOCN 




BOCN 



34-5 

10% Pd/C, H2. CH3OH 



OH 




20 



PhaCH-N 



25 



30 



34-2 



N-Diphenvlmethyl-azetidin-3-one (34-2") 

To a stirred solution of oxalyl chloride (8.7 mL) in . 
CH2CI2 (400 mL) at was added DMSO (10.3 mL, 0.13 mol) 

dropwise. After gas evolution subsided, the alcohol 34- 1 (17.5 g, 73 
mmol) in CH2CI2 (200 mL) was added. After 15 min, the white 
suspension was treated dropwise with NEt3 (5L4 mL, 0.36 mol). After 
addition was complete, the cooUng bath was removed and stirring was 
continued for 2 h. The reaction rnixture was diluted with CH2CI2 and 
then washed with H2O and brine, dried (Mg^4) and 34-2 cone, to a 
yellow oil. Rf 0.63 (sihca, 30% EtOAc/hexanes). NMR.(400 MHz, 
CDCI3) 5 7.50-7,20 (m, 10H),'4,59 (s, IH), 4.00 (s, 4H). 
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. ^ .OTHP 

PhsCH-N, 



34-3 . 



2-[(N-Diphenylmethyl-azetidifi-3-yl)methyM^ 
tetrahvdropvran ether (34-3) ' 

.. , A mixture of the phosphonium salt (for preparation see; 
J^chovy, SJR,,_^^^ 

in THF (300 mL) at -78°e was treated with n-BuLi (/^.e^nL^Jh rnmol, 
1.6 M/hexanes) dropwise then stirred for 1 .Oih. The ketone 34-2 (15.4 
g, 65 mmol) Was then added followed by removal of the cooling bath. 
After 20 h, the reaction liiixture was diluted with EtOAc then washed 
with H2O, and brine, dried (MgS04), and concentrated. Flash 
chromatography (silica, 10% EtOAc/Tiexanes) gave 34-3 (5.8 g) as an* 
oil. Rf 0.50 (silica,.20% EtOAc/hexanes). % NMR (400 MHz, CDCI3) 
5 7.50-7.20 (m, lOH), 5.24 (bs, 1H),4.56 (m, IH), '4;48^(bsriH), 3.90- 
3.65 (m, 6H), 3.48 (m, IH), 3.37 (m, IH), 2;15 (m, 2H), 1.85-1.45 (m, 

.6H). ■ - ■ :■ -. . ■■■■■■■ ., ■ 



25 . 



HCI- HN 




34-4 



2-r(3-Dehydroazetidin-3-ynmethylene1ethanol (34-4) 

To a stirred solution of 34-3 (2.4 g, 6.63 mmol) in CH2CI2 
(66 mL) at 0°G was added 1 -chloroethyl chloroformate (0.73 mL, 6.65 
mmol) followed by refluxing for 4.0 h. The reaction mixture was 
concentrated arid the residue dissolved in CH3OH (66 mL) and refluxed 
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for 1 h. Concentration gave crude 34-4 as an orange oil. Rf 0.18 
(silica, 4:1:1 CH2CI2/CH3OH/ACOH). 




20 



BOCN 



2-rrN-BdG-3-Dehvdroazetidin-3-vnmethvlene1ethanol (34-5) 

A solution of 34-4 (2.4 g, 6.63 mmol), DMF (66 mL), and 
NEt3 (1.1 mL, 8.0 mmol)- at ambient temperature was treated with 
BOG2O (1.7 g, 8.0 eq). After i.O h, the reaction mixture was diluted 
with EtOAc and then washed with 10% KHSO4, H2O and brine, dried 
(MgS04), and concentrated. .Flash chromatography (siHca, 60% 
EtOAc/hexanes) gave 34-5 (560 mg). Rf 0.51. (silica, EtOAc).;, , 
1h NMR (300 MHz, CDCI3) 6 5.33 (m,-lH), 4.47 (m, 4H), 3.65 (m, 
2H), 2.19 (m, 2H), 1.44 (s, 9H). . 



BOCN 




34-6 

3-(N-BOC-Azetidin-3-vnpropandl (34-6) 

A mixture of 34-5 (560 mg, 2.62 mmol), CH3OH (26 mL), 
and 10% Pd/C (112 mg) was stirred under a hydrogen atmosphere (1 
atm) at ambient temperature. After 20 h, the reaction mixture was 
filtered through a celite pad and the filtrate concentrated to give 34-6 
(529 mg) as a yellow oil. Rf 0.38 (silica, EtOAc). 

NMR (400 MHz, CDCI3) 6 3.99 (t, 2H), 3.64 (t, 2H), 3.53 (dd, 2H), 
2.50 (m, IH), 1.70-1.50 (m, 2H), 1.45 (s, 9H). 

■ - • . ■ e- 

Substituting 34-6 for 33-5 in Scheme 33, 34-7 is formed. 
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Methyl 3-('Imidazol-4--yn-2-propenoate hydrochloride (35-2) 

A slurry of uraconic acid CSS-l ) (Aldrich) 22.6 g, 16.5 
mmol) in CH3OH (200 mL) was saturated with HCl gas and allowed to 
stir overnight. The slurry was concentrated to give 35-2 as a white 
solid. 

Rf (5% CH30H/EtOAc) 0.676. - 

iH NMR (400 MHz, GD3OD) 5 9.03 (s, IH), 7.9 (s, IH), 7.59 (d, IH), 
6.71 (d, IH), 3.78 (s, 3H). 

Methvl 3-(l-Methvlimidazol-4-vn-2-propenoate (35-3) 

NaH (0.85g of a 60% dispersion in oil, 21.2 mmol) was 
placed in a flask, suspended in hexanes, and allowed to settle. TTie 
hexanes was decanted and DMF (50 mL).was added, followed by 35-2 : 
(2g, 10.6 mmol). After 10 minutes methyl iodide (0.79 niL, 12.7 
mmol) was added. After stirring for 24 hr the solution was diluted with 
EtOAc and H2O and the layers were separated. The water layer was 
basified to pH 1 1 with saturated NaHC03 and extracted with EtOAc and 
CH2CI2. The organic layers were combined and evaporated. The 
residue was chromatographed (5% CH3dH/CHCl3 saturated with NH3) 
to give, 35^3 as a white sohd. 
Rf (50% acetone/hexanes) 0.l2 / , 

1h NMR (400 MHz, CD3OD) 5 7.63 (s, IH), 7.5 (d, IH), 7.39 (s, IH), 
6.41 (d, IH), 3.72 (s,3H), 3.71 (s, .3H). . - 

Methvl 3-(l-Methylimidazol-4-vn propanoate (35-4) 

A solution of 35-3 (3 'Sg, 24.7 mmol) in CH3OH (75 mL) 
was fiushed^ with argon and 10% Pd/Carbon (0.8 g as a slurry in 
CH3OH) was added. The reaction was placed under hydrogen (balloon 
pressure) and stirred for 24 hr^ The slurry was filtered, and the filter 
cake (Solka-FIoc) was washed with CH3OH. The filtrate was . 
concentrated and the residue was dissolved in EtOAc, washed with 
saturated NaHC03, dried (Na2Sb4) filtered aiid evaporated. 
Chromatography (Si02, 60% acetone/hexanes) gave 35-4 as a yellow 
oil. : 
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Rf (50%, acetone/hexanes) 0.19. 
. iH NMR (300 MHz, CDCI3) 5 7.31 ^s, IH). 6,63 (2, IH), 3.67 (s, 3H),. 
■ 3.62 (s, 3H), 32.88 (t, 2H), 2.67 (t, 2H). 

^ 3-ri-Met hvlimidaznl-4-vnpropan-l-ol (35-5^ 

A solution of 35-4 (1.5 g, 8.9 rnmdl) in THF (30 mL) was 
treated with lithium aluminum hydride (IM in THF, 5.5 mL, 55 mmol). 
After 1 .5 hr the reaction is quenched with sodium/potassium tartrate 
10 extracted with EtOAc. The aqueous, layer was concentrated 

H„^ryn^ss andjhe reiidu^ was then with 

GH2Cl2, "then with 10:1 MCI3/CH3OH. The organic extracts were all 
combined and concentrated to give 35-5 . 
Rf (10% CH30H/eHCl3) 0.33 
,lH NMR (400 MHz, CD3OD) 5 7.46 (s, IB), 6.79 (s, IH), 3.64 (s, 3H), 
r 3.56 (t, 2H), 2.57 (t, 2H), 1.81 (m, 2H). . 

1 -Ghloro- 3-(l-methvlimida7ol-4-vnprop a ne (35-6^ 

Compound 35^5 (0.8g, 6.45 mmol) was added portion-wise 
to thionyl chloride (2.5 mL) with stirring. After 4 hr the reaction was 
concentrated and the residue was chromatographed (Si02, 10% 
CHsOH/EtOAc) to give 35-6. ' 
Rf (10% CHsQH/EtOAc) 0.35 

iH NMR (400 MHz, CD3OD) 5 8.78 (s, IH), 7.37:(s, IH), 3.88 (s, 3H), 
3.61 (t,2H), 2.85 (t, 2H), 2.11 (mV2H).. ' , 

l-Bromo-4-r3-ri -methvlim idazol-4-vI)propvloxvlbenzene ^35-7^ 
A solution of 4-hydroxy bromo-benzene (0.25 g, 1.4 
mmol) in-DMF (5 mL) was treated with NaH (0:056 g, 1.4 mmol, 60% 
dispersion in oil). After 15 minutes 35-6 (0.05 g, 0.35 mmol) was 
diluted with H2O, concentrated, and the residue chromatographed 
(Si02, 10% CH30H/EtOAc) to give 35^. 
Rf (10% CH30H/EtOAc) 0.25 

iH NMR (400 MHz, CD3OD) 5 7.45 (s, IH), 7.33 (d, 2H), 6.8 (m, 3H), 
3.92 (t, 2H), 3.62 (s, 3H),.2.67 (t, 2H), 2.03 (m, 2H). 
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t-Butyl 2(S)-Phenylsulfonylamino-5-[4-(3-( 1 -methylimidazol-4-yi)- 

propvloxv)phenvl1pent-4-enoate fSS^S) 

A solution of 35-7 (0.2g, 0.68 mmol) in GH3CN (5 mL) 
was treated with 35-11 (0.25 g, 0.8 mmol), triethylamine (0.19 mL, 1.3 
mmol), Pd (OAc)2 (0.015g, 0.068 mmol) and triorthotolyl phosphine 
(0.125 g, 0.41 mmol) heated to 110°C for 20 hr. The solution was 
concentrated and the residue was chromatographed (10% CH3OH/ 
EtOAc) to give 35-8 as an off-white sohd. 
Rf (10%CH3OH/EtOAc)0.24 , \ 
iH NMR (400 MHz, CD3OD) 5 8.72 (s, IH), 7.81 (d, 2H), 7.55 (m, 
IH), 7.49 (t, 2H), 7.32 (s, IH). 7.21 (d, 2H), 6.8 (d, 2H), 6.42 (d, IH), 
5.92 (m, IH), 4.02 (t, 2H), 3.86 (s, 3H), 2.88 (t, 2H), 2.5 (m, 2H), 1.2 . 
"(s, 9H). . . „ • 

t-Butyl 2(S)-Phenylsulfonylamino-5-[4-(3-(l-methylimidazol-4-yl)- 

propvloxv'lphenyllpentanoate r35-9V ' ■ - 

A solution of 35-8 (0.07 g, 0.146 mmol) in CH3OH (1 mL) 
was treated with 10% Pd/carbon (6.0 17g) and placed under hydrogen 
(balloon). After 20 hr the solution was filtered and concentrated. The 
residue was purified by preparative HPLC (reverse phase, 95:5 
50:50 water/acetonitrile) to give' 35-9 . - 
Rf (10% CH30H/EtOAc) 0.19 

iH NMR (400 MHz, D2O) 5 8,32 (s, IH), 7.68 (d, 2H), 7,53 (m, IH), 
7.45 (t, 2H), 6.98 (d, 2H), 6.73 (d, 2H), 3.94 (t, 2H), 3.64 (s, 3H), 3.6 
(m, IH), 2.71 (t, 2H), 2.38 (m, 2H), 1.95 (m, 2H), L4 (m, 2H), 1.08 (s, 
9H). 

2(S)-Phenylsulfdny,lamino-5-[4-(3-(l-methyIimidazol-4-yl)propyloxy)- 

phenvllpentanoic acid (35-10') ■ 

A solution of 3S:9 (0:055g, 0.127 nunol) in EtOAc (1 mL) 
was cooled to -78 °C, and sahirated with HCl gat. The reaction was 
warmed to 0°C for 1/2 hr, then concentrated and the residue 
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chromatographed '(20:1 :1 EtOH/NH40H/H20) to give 35-10 as a white 
solid. ■ . ;■ • ' ■ , - . . ■ ■ " ■ ■ ■,. • ; ■ 

Rf (10:r:rEtOH/NH4OH/H2O)0.78 ' 

NMR.(400 MHz, D2O) 5 8.23 (s, IH), 7.71 (d, 2H),,' 7;52 ,(m, IH), 
, 7.44 (t; 2H), 6.96 (m, 3H), 6.73 (d, 2H), 3,96 (t, 2H), 3.64 (S, 3H), 3.6- , 
3.55 (m, 3H), 2.73 (t,:2H),.2.3' a^^^^ (m, 2H), 1.5-1.3 (m, 3H).' 

- . . >r-<.>a02tBu ■, ,■. ■; ■ ' . 

■ ■ . 35-11 ... ■ 

tert-Butvl 2rS)-Phenvlsulfonvlaminopent^4-enoate (35-1 1) " 

. ■ This Gdmpound was prepared using the procedure 
described for 36-4 . using phenylsulfonyl chloride as the suifonylating , 
agent. ■ . ' - ■ ' ... ' ■ ■■ ' , 
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SCHEME 36 



10 



15 



Boc' 



.N 




1-4 



BocN 




OH 

, Br 
(Aldrich) 

DMF 
GS2CO3 



(CH2)20 

36-i 




Br 




20 



isobutylene, H2SO4 
dioxane 



.COgtBu 
36-3 

G4H9SO2CI, nmm; 

CH2CI2* 



.CPgtBu 
H 'NHS02C4Hg 
3£i4 
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SCHEME 36 rCONT'D^ 



10 



15 



20 




BocN. 
V 



HN . )— (CH2)20 



36-i + 36-4 




Pd(OAc}2, EtgN, CH3GN 
(0-tol)'3P, 100° • 

COgtBu 

H 'NHS02C4Hg 




36-5 



1 . H2, Pd/C 

2. f.FA 



PdGlg. CuCI/Og 




CO2H ' 
H" NHSO2C4H9 




36-6 




HN V-(CH2)20 




NHSO2C4H9 



36-7 / 



25 



30 




HN >— (CH2)20 



HCI, EtOAc 




CO2H 
NHSb2C4H9 



36-8 
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l-Bromo-4-r2-(T^-Boc-piperidin-4-ynethvloxv1benzene (36-1 ) 

A mixture of 1-4 (6A5g. 19.0 mmoD, 4-bromophenol 
(3.29g, 19 mmol), and Cs2C03 (3,10g, 9.5 mmol) in 50 mL of DMF 
was stirred at room temperature for 18 hr. The solution was then 
^ diluted with 200 mL ethyl acetate and washed with H20(4 x 100 mL), 
then dried over Na2S04, filtered and concentrated. Flash 
chromatography (silica, 30% EtOAc/hexanes) gave 36-1 as a white 
solid. ^ . 

TLC Rf = 0.45 (silica, 30% EtOAc/hexanes) 

iH NMR (300 MHz, CDCI3) 5 7.34 (d, J = 10,Hz, 2H0, 6.78 (d, J = 10 
Hz, 2H); 4.18'(bn, d, 2H)p 3.97 (t, J = 6 Hz, 2H); 2.73 (bnM, 2H), 1.76 
(m, 6H), 1.48 (s, 9H), 1.08 (m, 2H). . 

tert-Butvl 2(S)-Aminopent-4-enoate f36-3) 

Liquid ispbutylene (100 mL) was slowly added to 36-2 
(4.0g, 34.7 mmol) in a: mixture of dioxane (100 rnl) and concentrated 
sulfuric acid (1.5 mL) in a 500 mL pressure bottle. The bottle was 
sealed and the contents stirred at room temperature for 48 hr. The 
solution was poured into an ice-cold mixture of ethyl acetate. (120 mL) 

20 

and IN NaOH (120 mL). The orgaiiic layer was removed and the basic 
aqueous layer extracted with ethyl acetate (2 x 100 mL). The pooled 
organic extracts were dried over Na2S04 and evaporated to give 36-3 
as a colorless oil. 

iH NMR (300 MHz, CDCI3) 5 5.75 (m, IH), 5,19 (d, J = 7.5 Hz, IH), 
5.13 (s, IH), 3:45 (m, IH), 2.58-2.32 (m, 2H), 1.65 (br, s, IH), 1.41 (s, 
9H). 

tert-Butvl 2(SVn-Butvlsulfonvlamin6pent-4-enoate (36-4) 

A mixture of 36-3 (809 mg, 4.73 mmol) and N-methyl- 
morpholine (0.60 ml, 5.46 nimol) in CH2CI2 (15 mL) was cooled to 
0°C under Argon, N-Butyl sulfonyl chloride (0,66 mL, 5,10 mmol) 
was added and the. mixture was allowed to wafci to room temperature 
and stirred for 12 hr. The solution was vyashed with 10% citric acid 
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H2Q, sat, NaHC03 and brine (10 mL each) then dried over Na2S04 
filtered and concentrated to give 36-4 as a straw-colored oil. 
l.H NMR (300 MHz,'cDCl3) 5.5.73 (m, IH), 5.19 (d, J = 7.5 Hz, IH), 
5. 13 (s, IH), 4.93 (d, J = 6.8 Hz, IH), 4.15 (m, IH), 3.01(1, J = 6.3 Hz, 
^ . 2H), 2.52 (m, 2H), 1.82 (m, 2H), 1;41 (s, 9H), 0.96 (t, 3H). . 

.' tert-Butyl 2(S)-n-Butylsulfonylaniino-5-[4-(2-N-Boc^piperidin-4-yl)- 
' ' ethyloxyphenylTpent-4-enoate (36-5) . . 

, ' A mixture of 36d: (402 mg, 1.05 nimol). 36^1 (361 mg, 

1.18 rnmol), palladium (1 1) acetate (24.0 mg, 0.10 mrnol), 
triethyiamine '(0.29 ml, 1.99 nimol), tri-p-tolylphosphine (91 mg; 0.33 
mrnbi), and CH3GN (5 ml) was placed in a sealed tube and'heated at ' 
100° for 18 hr.. The solvent was evaporated and the residue subjected to 
flash chromatography (silica, 30%. EtOAcAiexanes) to give 36-5 as a 
pale yellow oil. - , ... 

l.H NMR (300 MHz, CPG13).5 7.25 (d, J = 11 Hz, 2H), 6.85 (d, J =1 1 
• Hz, 2H), 6.41 (d, J =13 Hz, 1H), .5.95 (m, IH), 4.93 (d, J = 6 Hz, iH), ^ 
•4.2 - 3.95 (m, 6H), 2.98 (m, 2H), 2.81 (m, 4H), 1.81 (m, 7H), 1.50 (s, 

9H), 1.43 (s, .9H), 1:12 (m, 2H), 0.95 (m, 3H). 

20 .. .. ' ■ . 

- 2(S)-n-Butylsulfonylamino-5[4-(2-N-Boc-piperidin-4-yl)ethyloxy- 
phenyllpentanoic acid (36-6) 

A solution of 36-5 ( 1 84 mg, 0.30 nimol) in 50 mL CH3OH ' 
was treated with 24 mg of 10% Pd on G and hydrogenated on a Parr 
, ' apparatus at 40 psi for ,12 hr. The catalyst was removed by ffl 

, through a bed of celite and the solution concentrated to give a colorless 
oil. This material \vas dissolved in 5 mL GH2CI2, cooled to 0° G and 
treated with TFA (2 mL). After stirring for 3 hr, the solvent was 
removed and the residue purified by reverse phase chromatography 
giving 36^ as a white solid, following lyophylization. 
. iH NMR (300 MHz, D2O) 5 7.08 (d, J = 11 Hz, 2H), 6.81 (d, J = 1 1 Hz, 
2H), 3.98'(m, 4H), 3.47 (d, J = 12 Hz, 2H), 3.01 (m, 2H)-, 2.85-2:61 (m, 
6H), 1.8-1.6 (m, 7H), 1.15 (m, 2H), 0.96 (m, 3H). 
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tert-Butyl 2(S>n-Butylsulfonylammo-5-[4-(2-N-Boc-piperidin-4-yl)- 

ethvloxvphenvl1-5"Oxopentanoate (36-7) 

Oxygen was bubbled into a mixture of CuGl (10 mg, 0.1 1 
mmol), PdCl2 (6.0 mg, 0.03 mmol), and 5 ml of DMF which contained 
^ 10% H2O. After 0.5 hr„ a solution of 36-5 in aqueous DMF (1.5 ml) 
was added and the mixture stirred under an O2 atmospihere for 12 hr. 
The reaction was quenched by the addition of 10% KHS04 (3 ml) and 
extracted with CH2GI2 (2 x 20 ml). The pooled CH2Ci2 extracts were 
dried (MgS04) concentrated and chromatographed (silica, 50% 
EtOAc/hexanes) to give 36-7 as a colorless glass. FAB MS, 61 1 (M+1). 
iH NMR (300 MHz, CbCl3) 5 7.95 (d, J = 1 1 Hz, 2H), 6.95 (d, J = 1 1 
Hz, 2H), 5.13 (d, J = 7 Hz, IH), 4.15 (m, 5H), 3.20 (m, 2H), 2.98 (m, 
2H), 2.71 (m, 2H), 2.28 (m, IH), 1.98 (m, IH), 1.81 (m, 5H), 1.52 (s, 
9H), 1.48 (s, 9H), 1.23 (m, 2H), 0.98 (m, 3H). 

15 

2 (S)-n-Butylsulfonylamino-5-[4-2-piperidin-4-yl)ethyloxyphenyl]-5- 

Qxopentanoic acid (36-8) 

A solution of 36-7 (64 mg, 0.105 mmol) in 10 ml EtOAc 
. was cooled to -lO^'C and HCl gas introduced for 10 min. After stirring 

20 

at -10°C for 2 hr the solution was evaporated and the residue purified 
by reverse phase chromatography (C18 column, 0.1% TFA/CH3CN 
gradient) to give 36-8 as a white powder, following lyopholization. 
1 H NMR (300 MHz, D20) 7.78 (d, J =. 1 1 Hz, 2H), 6.85 (d, J = 1 1 Hz, 
2H), 4.08 (m, 2H), 3.85 (m, IH), 3.26 (d, J = 13.8 Hz, 2H), 3.01-2.8 
(m, 6H), 2.08 (m, 2H), 1.80 (d, J = 14 Hz, 2H), 1.68 (m, IH), 1.60 (m, . 
2H), 1.46 (m, 2H), 1.35 (m, 2H), 1.08 (m, 2H), 0.81 (m, 3H). 

Therapeutic Treatment 

Compounds of the invention may be used for inhibiting 

30 

integrin protein-complex function relating to cell attachment activity. 
They may be administered to patients where inhibition of human or 
manunahan platelet iaggregation or adhesion isidesired. Thus, they may 
find utility in surgery on peripheral arteries (arterial grafts, carotid 
endaterectomy) and in cardiovascular surgery where manipulation of 
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arteries and, organs, and/or the interaction of platelets with artificial 
surfaces, leads to platelet aggregation and cphsuniption/ 
- - platelets may form thrombi and throniboemboli. Compounds of the 

invention may be administered to these surgical patients to prevent the 
^ formation of thrombi and thromboembpli. 

^ These compounds may be administered by any convenient, 
ineans which will result in its delivery into the blood stream in 
' substantial amount including continuous intravenous or bolus injection 

or oral methods. * Compositions of the invention include compounds of , 
^ the invention and[ pharrnaceutically acceptable cam 
^ pH^ level^f for examprte^^^ f or achiey iiig inhibitioiro 

aggregation. They may also be used in combination with anticoagul^^ 
V such as heparin or warfarin. Intravenous or oral administration are 
presently comtemplated as the preferred administration routes. 

In one exemplary applicatiouva suitable amount of - 
compound is intravenously administered to a heart attack victim 
undergoing angioplasty. Administration occurs during of several 
minutes prior to angioplasty, and is in an amount sufficient to inhibit 
platelet aggregation, e.g. an. amount which achieves a steady state plasma 

20 > 

concentration of between about. 0,01 -30uM, preferably between about . 
0.03-3 uM. When this amount is achieved, an infusion of between about 
p. 1-100 |ag per kilo per min,, preferably between about 1-20 |ig per 
kilo per min.-, most preferably 1-10 |Lig per kilo per min. is maintained 
to.inhibit platelet aggregation. Advantageously, compounds of the : 
present invention may be administered in divided "doses of two, three, or 
four times daily. Should the patient need to undergo bypass surgery, 
administration may be stopped immediately and will not cause 
complications during surgery that would be caused by other materials 
such as aspirin or monoclonal antibodies. 

30 . , > 

Furthermore, preferred compounds for the present 
invention can be adminstered in -intranasal form via topical use of 
suitable intranasal vehicles, or via transdermal routes, using those forms 
of transdermal skin patches well known to those of ordinary skill in that 
art.. To be administered in the form of a transdermal delivery system. 
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the dosage administration will, of course, be continuous rather that 
intermittant throughout the dosage regime. 

Oral dosages of the present invention, when used for the 
indicated effects, will raiige between about 0.01 mg per kg of body 
weight per day (mg/kg/day) to about 500 mg/kg/day and preferably 1 .0- 
400 mg/kg/day and most preferably 1-300 mg/kg/day. The present 
invention also includes a pharmaceutical compostion comprising 
compounds of the present invention and tissue tfype plasminogen 
activitor or streptokinase. The invention also includes a method for 
promoting thrombolysis and preventing reocclusion in a patient which 
comprises administering to the patient an effective amount of 
compositions of the invention. 

The present invention may be embodied in other specific 
forms without departing from the spirt or essential attributes thereof. 
Thus, the specific examples described above should not be interpreted as 
limiting the scope of the present invention. 

Using the methods previously described, the following 
preferred compounds were prepared and evaluated: 
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Compound 



IC50 (fiM) Inhibition of 
Platelet Aggregation 
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5 HN 



Compound 



IC5o (|JiM) Inhibition of 
-Platelet Aggregation 
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While the invention has been described and illustrated in 
reference to certain preferred embodients thereof, those skilled in the 
art will appreciate that various changes, modification and substitutions 
can be made therein without departing from the spirt and the scope of 
the invention. For example, effective dosages other than the preferred 
doses as set fourth hereinabove may be applicable as a consequence of 
variations in the responsiveness of the mammal being treating for 
severity* of clotting disorders or emboli, or for other indications for the 
compounds of the invention indicated above. Likewise, the specific 
pharmacological responses observed may vary^^according to and 
depending upon the particular active compound selected or whether 
there are present pharmaceutical carriers, as well as the type of 
formulation and mode of administration employed, and such expected 
variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, 
therefore, that the invention be limited only by the scope of the claims 
which follow and that such claims be intepreted as broadly as is 
reasonable. 



3> 
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' WHAT IS CLAIMED IS - 

1 / A compound of the formula 

■, ■ ^ .. X-Y-Z-Aryl-A-B •, .■ 

and the phannaceutically a :eptable salts thereof 

Aryl is a 6-membered monocyclic aromatic ring system 
■ containing 0, 1 , 2, 3; or 4 N atoms, and either unsubstituted or 
substituted with R5; ' . 



15 



20 



'25 



3 0. 



, •■■ ■ . ^' „■.: ;:. NR2 ' NR3;' . , • ■ 

X is -NR1R2, -NRl-^^ 

■ ,,. ' . 'NR2 • ■ •• , ' • ; • .. 

-NRl-C-NR3R4Vor a 4- to, 10- membered monq- or 
polycyelic aromatic or noiiaromatjc ring system containing 
0, 1 , 2, 3 or 4 heteroatoms selected from N, O and S and 
either unsubstituted or substimted with Rl/^^ 
wherein R1;r2, r3 and R4 are independently sel^^^ 
frbm the group corisisting of hydrogen, 
Cl-io alkyl, C3^8 cycloalkyl, 

aryl CO-8 alkyl, . . / 

amino Cg-8 alky i, C 1-3 acylahiino CO-S alkyl, 
. \. Cl -6 alky laniino GO-8 alkyl, ' . 

Cr-6 dialkylammo CO-8 alkyU^^ . ■ . ; ; / : 
C 1-4 alkoxyGO-6 alkyl, 

carboxy CO-6 alkyl, Cl-3 alkoxycarbonyl CO-6 
alkyl, . . ■ 
carboxy CO-6 alkyloxy and 
hydroxy CO-6 alkyl; 



Y is ' CO-8 alkyl, C4- 10 cycloalkyl,. 

CO-8 alkyl-NR3-CO-Go-8 alkyl, 
^ CO-8 alky l-CQNR^lco-j^ alkyl, 
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CO-8 alkyl-O-CO-8 alkyl, 
CO-8 alkyl-SOn-GO-8 alkyi, 

(CH2)0-8aryl(CH2)0-8, 
(CH2)0-6aryl-SOn- . 
(CH2)0-8aryI-CO-(CH2)0^8, 
(CH2)0-6aryl-SO2-(CH2)0-6. 
• • (CH2)0-6-NR3-(CH2)0-6, 

(CH2)0-6-aryl-CH(OH)-(GH2)G-6, 
(CH2)0-8aryl-CONH-(CH2)0-8, " 
CO-8 alkyl-SO2-NR3-C0-8 alkyl-v 
CO-8 aIkyl-CO-CO-8 alkyl, or 
Co-8 alkyl-CH(OH)-C0-8-alkyl 
where n is an integer from 0-2, 

Z arid A are independently chosen from: 

(CH2)m, (CH2)mO(CH2)n, (CH2)mNR3(CH2)n, 

o o r 

(GH2)mCNR3(CH2)n;(CH2)mNR3C(CH2)n, g 
O S X 

(CH2)mC(CH2)n, (CH2)mC(CH2)2, (CH2)mS02(CH2)n 
(CH2)mS(eH2)n. (CH2)mSO(CH2)n, 
(CH2)mS02NR3(CH2)n, (GH2)G=C(CH2)n, and 
25 (GH2)mGH(OH)(GH2)n 

where m and n are integers independently chosen from 0-6; 
provided that when A is (GH2)m, the Aryl ring bonded by Z and A, 
must contain at least one heteroatom; 



15 



30 



R5i 



is 



hydrogen, 
Gi.6 alkyl, 

GO-6 alkylcarboxy GO-6 alkyl, 
Go-6 alkyloxy GO-6 alkyl, 
hydroxy GO-6 alkyl,. 
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aryl Gp:6 alkyl, or 
halogen; 

. Bis 




wherein R6, r7, r8, r9, RlO, and'Rl 1 are independently chosen from 

15 ■ ■ - ■ ' ■' .. ■ : _ ■ .;. , '■■ ' ■. . . ' . ' . ; 

hydrogen, fluorine, hydroxy C 1-6 alkyl, 
carboxy CO-6 alkyl, 

e 1-8 alkyl, hydroxy!, 01.6 alkyloxy, aryl- 
C0-6alkyloxy, 
20 C3.8 cycloalkyl, 

aryl CO-6 alkyl, Cl-6 alkylcarbonyloxy, 

GO-6 alkylamino CO-6 alkyl, aryl CO-6 
. alkylamino C0-6alkyl, 

Co-6 dialkylamino CO-6 alkyl, 

25 , GO-6 alkylaminocarbonyloxy, aryl CO-6 

alkylaminocarboriyloxy, 
Cl-8 alkylsulfonylamino CO-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, 
Cl-8 alkyloxycarbonylamino CO-8 alkyl, 

3 0 aryl CO-8 alkyloxycarbonylamino CO-8 alkyl, 

Cl-8 alkylcarbonylamino Co-6 alkyl, 
aryl CO-6 alkylcarbonylamino Co-6 alkyl, 
Go-8 alkylaminocarbonylamino CO-6 alkyl, 
aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 
CO-8 alkylaminosulfonylamino CO-6 alkyl. 
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■ ^■ 

aryl CO-8 alkylaminosulfonylamino Co-6 alkyl, 
Cl.6 alkylsulfonyl CO-6 alkyl, 
aryl CO-6 alkylsulfonyl Co^6 alkyl, 
Cl-6 alkylcarbonyl CO-6 alkyl, 
aryl Co-6 alkylcarbonyl Co-6 alkyl, 
CO-8alkylammocarbonyl CO-8 alkyl, 
aryl Co-8 alkylaminocarbonyl Co-8 alkyl, 
CO-8 alkylaminosulfonyl CO-8 alkyl, and 
aryl Co-8 alkylaminosulfonyl CO-8 alkyl, 

wherein groups may be unsubstituted or substituted with one or more 

sustituents selected from Rl and R2; and 

Rl2 is chosen from: 

hydroxy, 

Ci-8 alkyloxy, 

aryl CO-6 alkyloxy, 

C 1 -8 alkylcarbonyloxy C 1-4 alkyloxy, 

aryl Ci^8 alkylcarbonyloxy Ci-4 alkyloxy, and 

an L- or D-amino acid joineid by an amide linkage and 

wherein the carboxylic acid moiety of said amino acid is as 

the free acid or is esterified by Ci-6 alkyl. 

2. A compound of Claim 1 having the formula 

X-Y-Z-Aryl-A-B 

and the pharmaceutically acceptable salts thereof wherein aryl is a 6- 
membered aromatic ring system containing 0, 1, 2, or. 3 N atoms, 

NR2 nr3 
Xis -^fRlR2 -NRl-C-Rl,-C-NHR4 ^ 

NR2 

-NR1-C-NR3R4, or a 4- to 10- membered mono- or 
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polycyclic aromatic or nonaromatic ring system containing 
, 0, 1, 2, 3 or 4 heteroatoms selected from N, O and S and 
either unsubstituted or substituted with Rl, R2, r3 or R4, 
wherein Rl, R2, R3 and R4 are independently selected 
from the grpup consisting of hydrogen, 
Cl-io alkyl, C3-8 cycloalkylV: - . 
aryl Co-8 alkyl, . ■ : . 

amino CO-8 alky i, Ql -3 acylaminO Co-8 alkyl, - ■■ 

Cl -6 alkylamino CO-8 alkyl, 
Ci-6 dialkylamino CO-8 alkyl, - — ■ - 
C 1-4 alkoxy CO-6 alkyl, 

carboxy CO-6 alkyl, Cl-3 alkoxycarbonyl CO-6 

alkyl, ■•,„.,-. ; ' ' ' \ - : ' . . 

carboxy G0-6 alkyloxy, or 

hydroxy Co-6 alkyl; ' 

Y is GO-8 alkyl, . 

Co-8 alkyl-NR3-CO-C0-8 alkyl, . 
CO-8 alkyl-CONR3-C0-8 alkyl, 
CO-8 alkyI-0-Co:8 alkyl, 
CO-8 alkyl-aryl-CO-8 alkyl, 
CO-8 alkyl-S(On)-C0-8 alkyl, 
Co-8 alkyl-SO2-NR3-C0-8 alkyl-, or . . . 
V CO-^8 alkyl-.CO-G0-8 alkyl, ' : . 

where n is an integer from 0-2; 

Z and A are independently chosen from: 
(CH2)m, (CH2)m 0(CH2)ri, 

O O 
. (CH2)mCNR3(CH2)n, (CH2)mNR3C(CH2)n, ^ 

, ■•■ . O' . '■ '•• ' , ■■ ■ . 

(CH2)mC(CH2)n, (CH2)mS02(GH2)n, 
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(CH2)mS02NR3(CH2)n, and (CH2)mNR3S02(CH2)n, 
where m and n are integers independently chosen from 0-6; 

provided that when A is (CH2)m the Aryl ring, bounded by Z and A, 

must contain at least one heteroatom; 

B is ^ 



O , • 

10 C-R^2 





O 

or - \ ^(CH2)o.iC-R^2 



15, . • ' ■ ^ " 

wherein R6, r7, r8, r9, rIQ and R1 1 are independently chosen from: 

hydrogen, fluorine 
Cl-8 alkyl,, 

20 C3.8 cycloalkyl, ^ 

' aryl CO-6 alkyl, ^ ' 

CO-6 alkylamino CO-6 alkyl, 

aryl CO-6 alkylamino CO-6 alkyl, 

CO-6 dialkylamino CO-6 alkyl, 
25 C 1-8 alkylsulfonylamino CO-6 alkyl, 

aryl CO-6 alkylsulfonylamino Co^6 alkyl, 
, ' Cl-8 alkyloxycarbonylfunino CO-8-alkyl, 

aryl Co-8 alkylcarbonylamino CO-8 alkyl, 

Cl-8 alkylcarbonylamino CO-6 alkyl, 
30 C0"8 alkylaminocarbonylamino CO-6 alkyl, 

aryl CO-8 alkylaminocarbonylamino CO-6 alkyl, 

CO-8 alkylaminosulfonylamino Cq^6 alkyl, 

aryl CO-8 alkylaminosulfonylamino CO-6 alkyl, 

Cl-6 alkylsulfonyl CO-6 alkyl, 

aryl CO-6 alkylsulfonyl CO-6 alkyl. 
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Ciw6 alkylcarbonyl CO-6 alkyl, ! 
aryl CO-6 alkylcarbonyl CO-6 alky I; and ; . 
Co-8 alkylaminoearbonyl CO-8 alkyl, 
aryl CO-8 alkylaminocarbonylamino Co-8 alkyl. 



5 . 



Rl2 is chosen from: 



10 



15 



20 



25 



30 



hydroxy, 

Cl-8 alkyloxy, • . ' 

aiyl eO-FalkyloxyT' 

Ci -8 alkylcarbonyloxy C 1-4 alkyloxy, and 
aryl C 1-8 alkylcarbonyloxy G 1-4 alkyloxy, 

3- A conipound of Claim 2 having the formula 



X-Y-Z-Aryl-A 




and the pharmaceutically acceptable salts thereof wherein aryl is a 6- 
membered monocyfc lie aromatic ring system containing O; l or 2 N 
atoms, ' ' ■ ' ; . 

" . ■ '/NR3 ■ , • 
X is -NR1r2, -C-NHR4, or a 4- to 8-membered aromatic or 

nonaromatic ring system containing 0, 1, 2 or 3 heteroatoms selected 
from N and O wherein Rl, R2, R3 arid R4 are independently selected 
from the group consisting of hydrogen, 
Cr-io alkyl, 

aryl Co-8 alkyl, 
carboxy CO-6 alkyl. 
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hydroxy CO-6 alky 1, 
amino CO-8 alkyl, or 
Cl-6 alkylamino,C0-8 ali^yl; 

CO-8 alkyl, 

Co-8 alkyl-NR3-CO-Co-8 alkyl, 

Co.8 alkyl-CONR3-C0-8 alkyl, 
Co-8 alkyl-O-CO-8 alkyl, 

CO-8 alkyl-S(On)-C0-8 alkyl, or 
CO-8 alkyl-aryl-CO-8 alkyl; , 

Z and A are independently chosen from: 

(CH2)m NHCO(CH2)n, (CH2)m, . 
(CH2)m 0(CH2)n, (CH2)m, CONH(CH2)n, 
(CH2)mS02(CH2)n, .(CH2)m, CQ(CH2)n, 

wherein m and n are integers from 0-6; and provided that when A is 
(CH2)m the Aryl ring, bounded by Z and A must contain at least one 
heteratbm; and . - 

R8, r9, RlO and Rl 1 are independently chosen from: 

hydrogen, fluorine, ' ' 
Cl-8 alkyl, 
C3-8 cycloalkyl, 

aryl CO-6 alkyl, . . 

CO-6 alky lamino CO-6 alkyl, 
CO-6 dialkylamino CO-6 alkyl, 
Cl -8 alky Isulfony lamino CO-6 alkyl, 
aryl CO-6 alkylsulfonylamino CO-6 alkyl, . 
Cl-8 alky loxycarbony lamino CO-?&-alkyl, 
aryl CO-8 alkyloxycarbonylamino.CO-8 alkyl, 
Cl-8 alkylcarbonylamino CO-6 alkyl. 



Y is 
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aryl CO-6 alkYlcarbohylamino GO-6 alkyl, 
CO-8 alkylaminpcarbonylamino Co-6 alkyl, 
aiyl CO-8 alkyjaminocarbonylamino C0-6alkyl, 
Co-8 alkylaminosulfonylamino GO-6 alkyl, 
aryl CO-8 alkylarninosulfonylamino C0-6alkyl, 
Ci-6 alkylsulfonyrCo-6 alkyl, ; 
aryl CO-6 alkylsulfonyl GO-6 alkyl, . 
. Cl-6 alkylcarbonyl CO-6 alkyl, and 
aryl GO-6 alky lcarbonyT CO-6 alkyl. . 

, €• J .-^A_c,ompoun:d_of Cl aimJ .Jand-pharmaceuticaLs . 
thereof, selected from the group consisting of: * 

N-2-(4-Piperidinylethyr)-N^^(2.-carboxyethyl)]-l,3-benzeneaicarbox- 
amide;- ." ^ - . ■ • . 

N-2-(4-Piperidinylethyl)-N'-[3-(2-fluoro)propanoic-acid]-l,3-ben2ene- 
dicarboxamide; 

{N-2-(4-Piperidinylethyl)-N'-3-[3(R)-phenethylpropanoic acid] }- 1^3- 
benzenedicarboxamide; V 

{ N-[2-(4-Piperidinylethyl)-N'-3-[3(R)-indolylethylpropanoic acid] } -1 ,3 
benzenedicarboxamide; 

N-(4-Piperidinylmethyl)-N'-3-[2(S)-n-butyIsulfonylaniinoprbpionic k 
acid]- 1 ,3-benzenedicarboxamide; 

N-(4-Piperidinylmethyl)-N'-[(i2-carboxyethyl)- 1 ,3-benzenedicarbox- 
aniide; , 



N-2-(4-Piperidinyl)ethyl-N'r(2-carboxyethyl)-2-niethyl-l,3-berizehe- 
dicarboxamide; , 
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3- [(4-Piperidmyl)methyloxy]-N-(2-carboxyethyl)phenylacetamide; 

4- (Piperidm-4-yl)phenyl-3-propionyl-[2(S)-n-butylsulfonylamino]-|3- 
alanine; 

4-[(l ,2,5,6-Tetrahydropyridin-4-yl)phenyl-3-propi6nyI-[2(S)-n-butyl- 
sulfonylamino]-P-aIanine; 

3-[3-(Piperidin-4-ylmethyl)phenyI]propionyl-p-alanine; 

3-[4-(l,2,5,6-Tetrallydropyridm-4-yl)butyryl-p-alanine; 

{N-2-(4-PiperidinylethyI)-N'-342(S)-n-butylsulfo,nylaminopr0panoic 
acid] } -1 .3-benzenedicarboxamide; 

N-2-(4-Piperidinyl)ethyl-N'-3-[2(S)-n-butyIsulfonylaminopropionic 
acid]-2-methyi- 1 , 3-benzenedicarboxamide; 

^ {N-[2-(4-Piperidmyl)ethyl]-NKphenethyl)}-N'-(2-carboxyethy ,3- 
benzenedicarboxamide; 

N-i2-(4-Piperidinyl)ethyl-N-propyI]-N'-(2-carboxyethyl)-l, 3-benzene- 
dicarboxamide; 

>5 ■ ' • 

N-2-(4-Piperidinyl)ethyl-N'-[3-:(2(S)-hexanoylaminopropionic acid)]- 
1, 3-benzenedicarboxamide; • 

[N-2-(4-Piperidinyl)ethyl]-N'-[3-2(S)-thien-2-yl-sulfonylamino- 
propionic acid]- 1, 3-benzenedicarboxamide; 

!0 

4-methyI-N-[2-(4-piperidinyl)e.thyl]-N'-2-(carboxyethyl)-l, 3-benzene- 
dicarboxamide; . 
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3-[(2-CarboxyethyI)aminosuIfonyI]-N-[2-(4-piperidinylethyl)]- 
benzamide; 

3-i;2-(4-PiperidinyI)ethyiaminosulfonyl]-N-[(2-carboxyethyl)]- 
benzamide; , . 

34(4-Piperidinyl)methylaminosulfonyl]-N-[(2-carboxyethyl)]-; 
benzamide; 

^° N-[(2K4-Piperidmyl)ethyl]-N'-[(2-carboxyethyI]-^ 
_ . , pyQdinedioaiibpxarmde; :^ . , : . ' ,_ : _ 

N-[2-(4-Piperidkyl)ethyl]-N^[(2-carboxy)ethyl]-2,6-pyridinedi- 
carboxamide; ' 

3-(3-Carboxypropyloxy)-N-(4-piperidmylinethyl)carboxamide; 

N-2-(4-Piperidinylethyl)-N'-3-(2-benzylprGpiomc acid)- 1 ,3- 
benzenedicarboxamide : 

20 

3-(4-Carboxybutanoyl)-N-(4-piperidinylmethyl)benzenecarboxamide; 

3- (5-Carboxypentanoyl)-N-(4-piperidinylmethyl)benzenecarboxamide; 

25 ■ ■ ■ ' ■' ' • ' • ■ . . 

4- (Piperidin-4-yl)phenyl-3-propionyl-P-aianinev 

4-(l ,2,5,6-Tetrahydropyridin-4-yl)phenyl-3-prGpionyl-p-alanine; 

^ ^ 6-[2-(Piperidin-4-yl)ethy loxy]nicotinamide-N-[3-(2(S)-phenylsulfonyl- 
amino)propionic acid; 

.3-Chloro-4-[2-(Piperidin-4-yl)ethyloxy]phenylcarbonyl-2(S)-phenyl- 
sulfonylamino-|3-alanine; 
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4-[3-(Piperidm-3-yl)propyloxy]-N-[3-(2(S)-butylsulfonylami^^ 
propionic acid]benzamide; 

4-[2-(Piperidin-4-yl)ethyloxy]phenylcarboxyl-2-(S)-hydroxy-P-aIanine 

N-[3-(2(S)-Phenylsulfonylamino)propionate]-4*-aminomethyl-4- 
biphenylcarboxamide; 

N-[3-(2(S)-Phenylsulfonylamino)propionate]-4'-amidino-4- 
biphenylcarboxamide; . 

4-[3-(Pyridin-4-yl)propyloxy]bcrizoyl-2(S)-phenylsulfonylamino-p- 
aianine; 

4-[3-(Piperidin-4-yl)propyl]benzoyl-2(S)-phenyIsulfonylarnino-p- 
alanine; ' 

4-[2-(Piperidin-4-yl)oxyethyloxy]benzoyl-2(S)-phenylsulfonylaniino^ 
alanine; / 

4-N-(Pipera2inyl)benzoyl-2(S)-phenylsuIfonylamino-P-alanine; 

4-[2-(N,N-Diethylaniino)ethyloxy]benzoyl-2(S)-phenylsuIfonylaniino-p 
alanine; 

;.4-[4-(N-Moipholino)butyloxy]benzoyl-2(S)-phenylsulfonylan^ 
alanine; 

4-[2-(N-Benzyliniidazol-4-yl)ethyloxy]benzoyl-2(S)-phenylsulfonyl- 
amino-p-alanine; 

. 4-[2-(Imidazol-4-yl)ethyloxy]benzoyl-2(S)-ph^ylsulfonylamino-p- 
alanine; 
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4r[3-(l-MethylimidazoI-4Tyl)propyloxy]benzoyl-2(S)-phenylsulfo^^ 
amino-P-alanine methyl ester; 

4-[3-( 1 -Methylimidazol-4-yl)propyloxy]benzoy l-2(S)-phenylsuIfonyl 
amino-P-alanine; 

4- [3-( 1 -Imidazoiyl)propyloxy jbenzoy l-2(S)^pheny Isuif ony lamino-p 
alanme t-biltyl ester; , 

-4-[3-(l-ImidazolyI)propyIoxy]beiizoyl-2(S)-phenylsulfonylamirio-P- 
■ ''alanme; " r ■' r^"' , . y...-- . ^ - 

4-[2-(Pyrrolidmyl)ethylpxy]benzoyl-2(S)-phenylsulfonylam^ 
alanine; 

2(S)-PhenylsulfonylaminG-4-(4-piperazinylphenoxy)butanoic aeid; 

t-Butyl 2(S)-t-Butyloxycarbony lamino-4-[4-N methylpiperaziny 1)- 
phenoxyjbutanoate; 

2(S)rAniino-3-[4-(N-niethylpiperazinyi)phenoxy]butanoic acid; 

2(S)-3-Pyridylsulfonylamino-4-[4-(N-methylpiperazinyl)phenoxy]- 
butanoic acid; ^ - 

4-[(4-Pyrrolidinylbut-2-enyI)oxy]benzoyl-2(S)-phenylsulfonylamino-f 
alanine t-butyl ester; 

4-[(4-Pyrrolidinylbut-2-enyl)oxy]behzoyl-2(S)-phenylsulfonylamino-f 
alanine; 

3-[(Piperidin-4-ylmethyl)aminocarbonyl]benzoyl-2(S)-3-pyridyl- 
sulfonylamino-P-alanyl-glycine; 
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4-[(2-Aminoethyl)ammocarbonyl]benzoyl-2-(S)-phenylsulfony^ 
alanine; ^ 

4-[(2-Guanidinoethyl)aminocarbonyl]ben2oyl-2(S)-phenylsulfonyl- 
amino-p-alanine; 

4-[(4-N-Methylaminobutyl)aniinocarbonyl]benzoyl-2(S)-3- 
pyridylsulfonylamino-p-alanine; 

{N-2-(4-Piperidmylethyl)-N--3-[ethyl 2(S)-n-butylsulfonylamino- 
propanoate] }-l ,3-ben2enedicarboxamide; 

4-[2-(4-Piperidinyl)ethyloxy]-N.[3-(2(S)-n-butyIsulfonylamino)- 
propionate] benzamide; 

442-(4-Piperidinyl)ethyIoxy]-N-[3K2(S)-n-phenylsulfonylamino) 
p ropi onate ] benzami de ; 

2(S)-Phenylsulfonylaniino-5-[4-(3-(l-methylimidazol-4-yl)propyloxy- 
phenyl]pentanoic acid; ^ ^ 

2(S)-n-Butylsulfonylamino-5-[4-2-(piperidin-4-yl)ethyloxyphenyl]-5- 
pxopentanoic acid; 

''^ N-2-(4-Piperidinylethyl)-N'-3-[2(S)-(3-pyridylsulfonylamino)- 
propanoic acid]-l ,4-benzenedicarboxamide; 

N-3-(4-Piperidinylpropyl)-N'-3-[2(S)-(3-pyridyIsulfonylamino)- 
propanoic acid- 1,4-benzenedicarboxainide; 

4-[2-(Azetidin-3-yl)ethyloxy]benzoyl-2(S)-phenylsulfonylamino-P- 
alanine; ^ 
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443-(Azetidin-3-yl)propyloxy]beiizbyl-2(S)-phenylsulfo^ 
alanine; and 

3-[(4-Piperidinyl)methyloxy]-N-[3-(2-indol-3-yl)ethyl-propidnic 
acidjphenyl acetamide. 

5. A method of blocking fibrinogen from acting at its 
platelet receptor site in a mammal, including a human comprising 

. administering a-pharmacologically-effeetive-a^ of a, compound as 
claimed in Claim If^^^ . , 

6. ' A method of preventing thrombus and embolus ♦ 
formation in a mammal, including a human, in heed thereof, comprising 
administering a pharmacologically effective amount of a compound as 
claimed iri Claim 1. 

. 7. A method of treating tfirombus and embolus 
formation in a mammal, including a human, in need thereof, comprising 
administering a pharmacologically effective amount of a compound as 
claimed in , Claim 1. 

_ 8 : A method of inhibiting aggregation of blood platelets 

in a mammal, including a human, cbmprisirig administering a 
pharmacologically effective amount of a compound as claimed in Claim 

9, ' A method of blocking fibrinogen from acting at its 
platelet receptor site in a mammal,, including a human comprising 
administering a pharmacologically effective amount of a compound of 
Claim 4. 

10. A method of preventing thrombus and embolus 
formation in a mammal, including a human, in need thereof, comprising 
administering a pharmacologically effective amount of compound of _ 
Claim 4. 
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11. A method of treating thrombus and embolus 
formation in a mammal, including a human, in need thereof, comprising 
administering a pharmacologically effective amount of a compound of 
Claim 4. • . 

12. A method of inhibiting aggregation of blood platelets 
in a mammal, including a human, comprising administering a 
pharmacologically effective amount of a compound of Claim 4. 

13. The method as claimed in Claim 6, in which said 
compound is co-administered with an anticoagulant agent. 

14. The method as claimed in Claim 7, in which said 
compound is co-administered with an anticoagulant agent. 

15. The method as claimed in Claim 8, in which said 
compound is co-administered with an anticoagulant agent. 

16. The method as claimed in Claim 6, in which said 
compound is co -administered with a thrombolytic agent. 

17. The method as claimed in Claim 7, in which said 
compound is co-administered with a thrombolytic agent. 

18. The method as claimed in Claim 9, in which said 
compound is co-administered with a thrombolytic agent. 

19. The method as claimed in Claim 8, in which said 
compound is co-administered with a thrombolytic agent. 



20. : The method as claimed in Claim 6, in which said 
compound is co -administered with a platelet anti-aggregation agent. 
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/ 21V . The methQd as claimed in Claim 7, in which said 

■ compound is eo-admimstered with a platelet anti-aggregation agent. 

22. The method as claimed in Claim 8, in which said 
compound^ is co-administered with a platelet anti-aggregation agent. 

23. A pharmaceutical composition, comprising a 
compouiid as claimed in Claim Iv and a pharmaceutically acceptable 

carrier:-. ■ ; ^ ^ ' • , * 

. J2A,^^.. A pharmaceutical composition comprising the 
Qompounds as claiined in Claim 1, a pharmaceutically acceptable carrier 
and compound taken from the group consisting of thrombolytic 
agents, platelet anti-aggregation agents and. anti-coaguiant agents. 

25 . The composition as claimed in Claim J 9, in which 
isaid pharmaceutically acceptable carrier consists of a sustained release 
pharmaceutical formulation. ; 

25. - A pharmaceutical composition for inhibiting the 
binding of fibrinogen to blood platelets in a marnmal, including a 
human, comprising a compound of CMm 1 diii a pharmaceutically 
acceptable carrier. 

; 27. A pharmaceutical composition for inhibiting the 

aggregation of blood platelets in a mammal, including a , human, 
comprising a compound of. Claim 1 and a pharmaceutically acceptable 
carrier. , . , ; 

28. A pharmaceutical composition for inhibiting the 
binding of fibrinogen to blood; platelets in a mammal, including a 
human, comprising a compound of Claim 4 and a pharmaceutically 
acceptable carrier.. 
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29. A pharmaceutical composition for inhibiting the 

aggregation of blood platelets in a mammal, including a human, 
comprising a compound of Claim 4 and a pharmaceutically acceptable 
carrier. 

30. A composition for inhibiting the aggregation of 
blood platelets in a mammal, including a human, comprising a 
compound of Claim 1 in combination with a thrombolytic agent and a 
pharmaceutically acceptable carrier. 

3 1 . A composition for inhibiting the aggregation of 
blood platelets in a mammal, including a human, comprising a 
compound of Claim 1 in combination with an anti-coagulant and a 
pharmaceutically acceptable carrier. 

32. A composition for preventing thrombus or embolus 
formation in a mammal, including a human, comprising a compound of 
Claim 1 and a pharmacuetically acceptable carrier. 

33. A composition for preventing thrombus or embolus 
formation in a mammal, including a human, comprising a compound of 
Claim 1 in combination with a thrombolytic agent and a 
pharmaceutically acceptable carrier. 

34. A composition for preventing thrombus or embolus 
formation in a mammal, including a human, comprising a compound of 
Claim 1 in combination with an anti-coagulant and a pharmaceutically 
acceptable carrier. 

35. , A composition for treating thrombus or embolus 
formation in a mammal, including a human, comprising a compound of 
Claiiii 1 and a pharamceutically acceptable easier. 



; ; 36. . A Gompo'sition for treating, thrombus or embolus 

'formatibn'm a mammal, including a human, comprising a compound of 
Claim 4 in combination with a.Thrombolytic agent and a ,/ " 
pharmaceutically acceptable carrier 

37. A composition for treating thrombus or embolus 
formatioii in a mammal, including a human, comprising a compound of 
Clairri 1 in combination with an anti-cbagulant and a pharmaceutically 
acceptable carrier. ' 

: \. - 38. -lA.-composition for treating thrombus or embolus ■ 

formation in a mammal, including a hiiman, comprising, a compound of 
Claim 1 in coihbinati on with an anti ^platelet agent and a 
pharmaceutically acceptable carrier. 

. 39. A method for inhibiting the aggregation of blood 
platelets in a mammal, including a human, comprising administering the 
composition of Claim 24. 

40. A method for preventing or treating thrombus or 
embolus formation in a manimal, comprising administering the 
composition of Claim 25. 

■■ ■ ;'■ ■ .-.-^ • ' " ■■ ■•: ' ' ■ ' ^ 

41. A method for inhibiting the aggregation of blood 
platelets in a mammal, including a human, comprising administering the 
composition bf Claim 29. 

,42. ' A compound of Claim 1 for use in inhibiting the 
binding of fibrinogen to blood platelets, inhibiting the aggregation of 
blood platelets, treating thrombus or embolus formation, or preventing 
thrombus or embolus formation in a mammal, including a human. 

43. A compound of Claim 2 for use in inhibiting the 
binding of fibrinogen to blood platelets, inhibiting the aggregation of 
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blood platelets, treating thrombus or embolus formation, or preventing 
thrombus or embolus formation in a mammal, including a human. 

44, A compound of Claim 3 for use in inhibiting the 
binding of fibrinogen to blood platelets, inhibiting the aggregation of 
blood platelets treating thrombus or embolus formation, or preventing 
thrombus or embolus formation in a mammal, including a human. 

45. A compound of Claim 4 for use in inhibiting the 
binding of fibrinogen to blood platelets, inhibiting the aggregation of 
blood platelets, treating thrombus or embolus formation, or preventing 
thrombus or embolus formation in a mammal, including a huinan. 
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